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f o r  h i s  h e l p  i n  i n t e r p r e t i n g  t h e  r u n r  s p e c t r a ;  t o  M r .  W .  A n d e r s o n  o f  
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C l f A P T E R  I  
I N T R O D U C T I O N  
S F
5
B r  A d d i t i o n s  t o  U n s a t u r a t e d  S y s t e m s  
P e n t a f l u o r o s u l f u r b r o m i d e ( S F 5 B r )  w a s  f i r s t  p r e p a r e d  i n  1 9 6 2  b y  
C .  M e r r i l l  b y  r e a c t i n g  S F 4  w i t h  B r 2  a n d  B r F 5  a t  1 0 0 °  u n d e r  p r e s s u r e  ( 1 ) .  
A n o t h e r  m e t h o d  w a s  f o u n d  i n  1 9 6 5  b y  B .  C o h e n  a n d  A .  M a c D i a r m i d  w h i c h  
c o n s i s t e d  o f  rea~ting B r
2  
w i t h  s
2
F 1 0  a t  1 3 8 °  ( 2 ) .  
S F
5
B r  b o i l s  a t  J . 1 °  a t  o n e  a t m o s p h e r e ,  m e l t s  a t  - 7 8 . 8 °  t o  - 7 8 . 4 ° ,  
a n d  h a s  a  d e n s i t y  o f  2 . 0 9 8  g / c c  a t  - 2 0 . 1 °  ( 1 ) .  I n  t h e  l i q u i d  s t a t e ,  
S F 5 B r  h a s  a  f a i n t ·  y e l l o w  c o l o r .  I t  h y d r o l y z e s  a t  r o o m  t e m p e r a t u r e  ( 1 )  
a n d  d e c o m p o s e s  a t  1 5 0 °  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n s :  
S F 5 B r  +  4 H 2 0  >  s o
4
- +  5 F - +  B r - +  8 H +  ( 1 )  
2 S F
5
B r  
1 5 0 0  
S F 6  +  S F 4  +  B r 2  ( 2 )  
T h e  i n f r a r e d  s p e c t r u m  a n d  t h e  R a m a n  s p e c t r u m  o f  l i q u i d  S F
5
B r  
h a v e  b e e n  r e p o r t e d  ( 3 ) .  T h e  r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  I .  S i n c e  
S F
5
B r  c a n  b e  c o n s i d e r e d  a s  a  m o n o s u b s t i t u t e d  d e r i v a t i v e  o f  o c t a h e d r a l  
S F 6 ,  i t  s h o u l d  b e l o n g  t o  p o i n t  g r o u p  C 4 v •  T h e  1 1  f u n d a m e n t a l s  o f  
S F 5 B r  o f  s y m m e t r y  C 4 v  c a n  b e  c l a s s i f i e d  a s  4 A 1  +-.:~l +  B 2  +  4 E .  O f  
t h e s e ,  a l l  1 1  m o d e s  s h o u l d  b e  R a m a n  a c t i v e ,  w h e r e a s  o n l y  t h e  A
1  
a n d  E  
m o d e s  s h o u l d  b e i n f r a r e d  a c t i v e .  O~ t h e - R a m a n  -l i n e s ,  o n l y  t h e  f o u r  A i  
m o d e s  s h o u l d  b e  p o l a r i z e d .  
I n  a d d i t i o n  t o  t h e  i n f r a r e d  a n d  R a m a n  s p e c t r a  t h e  m i c r o w a v e  
s p e c t r u m  o f  S F 5 B r  h a s  b e e n  r e p o r t e d  ( 4 ) .  T h e  S - B r  d i s t a n c e  w a s  f o u n d  
0  0  
t o  b e  2 . 1 9 0 2  . : ± :  0 . 0 0 6 5  A  a n d  S - F  d i s t a n c e  w a s  1 . 5 9 7 0  . : ± :  0 . 0 0 2 5  A .  
W .  B .  F o x  a n d  R .  R .  S m a r d z e w s k i  h a v e  s t u d i e d  t h e  S F
5
•  r a d i c a l  ( p e n t a -
f l u o r o s u l f a n y l  r a d i c a l )  v i a  t h e  m a t r i x  i s o l a t i o n  t e c h n i q u e  ( 5 ) .  T h e  
S F 5 ·  r a d i c a l s  w e r e  p r o d u c e d  e i t h e r  b y  v a c u u m  u l t r a v i o l e t  p h o t o l y s i s  
o f  S F
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P e n t a f l u o r o s u l f u r b r o m i d e h a s  b e e n  f o u n d  t o  b e  a  v a l u a b l e  i n t e r -
2  
m e d i a t e  i n  i n c o r p o r a t i n g  S F
5  
g r o u p s  i n t o  m o l e c u l e s  ( 6 , 7 ) .  I t  h a s  a l s o  
b e e n  s h o w n  t h a t  S F 5 B r  a d d s  t o  a  c a r b o n - c a r b o n  t r i p l e  b o n d  i n  m u c h  t h e  
s a m e  w a y  a s  i t  d o e s  t o  f l u o r o o l e f i n s  ( 7 ) .  T h e  r e s u l t s  o f  t h e s e  w o r k s  
a r e  l i s t e d  i n  T a b l e s  I I  t h r o u g h  V I I .  
I t  h a s  b e e n  f o u n d  t h a t  S F 5 B r  a d d s  m o r e  r e a d i l y  a n d  d i r e c t l y  t h a n  
e i t h e r  S F 5 C l  o r  S 2 F 1 0  t o  d o u b l e  a n d  t r i p l e  b o n d s .  F o r  m o r e  i n f o r -
m a t i o n  o n  S F 5 C l  a n d  S 2 F 1 o ' c h e m i s t r y  s e e  Q . W a n g ' s  t h e s i s  ( 7 ) .  
A l s o ,  A .  B e r r y  a n d  W .  F o x  h a v e  s h o w n  t h a t  S F
5
B r  a d d i t i o n  t o  s o m e  
v i n y l s i l a n e s  w i l l  o c c u r  ( 8 ) .  T h e s e  r e a c t i o n s  a r e  a s  f o l l o w s :  
2 5 °  
S F 5 B r  +  ( C H
3
) 3 S i C H = C H
2  
1  hr~ ( C H 3 ) S i C 2 H 3 B r S F
5  
( 5 )  
o o  
S F
5
B r  +  c 1
3
s i C H = C H
2  
3
·  h ? s  l;JJ::il.t.;~3.1jr::il'·5 
( 6 )  
T h e y  a l s o  r e p o r t  i n  a  l a t e r  p a p e r  ( 9 )  t h e  a d d i t i o n  o f  S F 5 B r  t o  
p e n t a f l u o r o s u l f u r  e t h e n e  ( S F 5 C H = C H
2
)  t o  p r o d u c e  a  b i s { p e n t a f l u o r o s u l -









( 7 )  
S e v e r a l  a d d i t i o n a l  r e a c t i o n s  w e r e  t r i e d  w i t h  o t h e r  h i g h l y  h a l o -
g e n a t e d  p e n t a f l u o r o s u l f u r  e t h y l e n e  ( S F
5
C H = C H F ,  S F
5
C H = C F
2
,  S F
5
C F = C F H ,  
S F
5
C F = C F
2
)  ( 9 )  a n d  S F
5
B r  b u t  a d d i t i o n  d i d  n o t  o c c u r  e v e n  u n d e r  m o r e  
r i g i d  c o n d i t i o n s .  
T h e  a d d i t i o n  o f  S F
5
c 1  t o  f l u o r o o l e f i n s  u s u a l l y  r e q u i r e d  u l t r a -
v i o l e t  e x c i t a t i o n  o r  t h e r m a l  c o n d i t i o n s  i n v o l v i n g  a  f r e e  r a d i c a l  
i n i t i a t o r .  W i t h  S F
5
B r ,  t h e  a d d i t i o n  r e a c t i o n  u s u a l l y  p r o c e e d s  e i t h e r  
a t  r o o m  t e m p e r a t u r e  o r  a t  e l e v a t e d  t e m p e r a t u r e s  ( " ' 1 0 0 ° ) .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  a d d i t i o n  r e a c t i o n  o f  F
5
s - S F 5 ,  
w i t h  o l e f i n s  p r o c e e d s  a t  b e s t  i n  v e r y  p o o r  y i e l d  a n d  i n  m a n y  c a s e s  n o t  
a t  a l l .  T h i s  w o u l d  s u g g e s t  t h a t  t h e  . a d d i t i o n  o f  t w o ·  S F
5
•  r a d i c a l s  t o  
a  d o u b l e  b o n d  i s  i n e f f i c i e n t .  
T h e  m e c h a n i s m  f o r  t h e  t h e r m a l  a d d i t i o n  r e a c t i o n  o f  S F
5
B r  w i t h  
f l u o r o o l e f i n s  s e e m s  t o  f o l l o w  a  f r e e  r a d i c a l  a d d i t i o n  p a t h w a y .  F o r  
t h e  m o s t  p a r t ,  w i t h  S F
5
c 1  a n d  S F
5
B r  a d d i t i o n s ,  t h e  S F
5
•  r a d i c a l  a t t a c k s  
t h e  c a r b o n  b e a r i n g  t h e  h y d r o g e n s  ( 6 - 1 1 ) ;  h o w e v e r ,  e x c e p t i o n s  t o  t h i s  W i l l  
b e  d i s c u s s e d  l a t e r  i n  t h i s  t h e s i s .  T h e  p r o p o s e d  s t e p s  f o r  t h e s e  
a d d i t i o n s  a r e  ( 1 0 , 1 1 ) :  
S F 5 ·  +  . E  
~ 
E S F 5 ·  
( 8 )  
E S F . 5 ·  +  S F  
5
x  ~ 
E S F 5 X  +  S F y  
( 9 )  
E  =  f l u o r o o l e f i n ;  X  =  B r ,  C l  
W i t h  u l t r a v i o l e t  e x c i t a t i o n ,  h o m o l y s i s  o f  t h e  S F
5
c 1  m o l e c u l e  
p r o d u c e s  b o t h  S F 5 ·  a n d  C l :  r a d i c a l s  w h i c h  t h e n  comp~te w i t h  e a c h  o t h e r  
4  
f o r  t h e  s u b s t r a t e  a s  i l l u s t r a t e d  b e l o w  ( 1 2 , 1 3 ) .  
S F
5
c 1  u . v .  >  S F 5 •  +  C l ·  
( 1 0 )  
S F 5 •  
+  E  
'  
S F 5 E ·  ( 1 1 )  
S F
5
S ·  +  S F 5 C l  
-~> S F  . 5 E C 1  +  S F  . 5  •  
( 1 2 )  
c 1 -•- +  E  
- - > •  E C l ·  
( 1 3 )  
E C l •  +  S F 5 C l  
-->~ .E C 1
2  
+  S F  . 5  •  
( 1 4 )  
E  =  o l e f i n  s u b s t r a t e  
S F 5  c o m p o u n d s  e x h i b i t  a  w i d e  r a n g e  o f  u s e f u l  a n d  i n t e r e s t i n g  p r o -
p e r t i e s  • .  F o r  e x a m p l e ,  S F 6  ( 1 4 ) ,  C F
3
S F 5  ( 1 4 ) ,  S F
5
C F = C F 2  ( 1 . 5 ) ,  a n d  
S F 5 - o x e t a n e s  ( 1 6 )  p o s s e s s  u n u s u a l  d i e l e c t r i c  s t r e n g t h  w h i l e  S 2 F 1 0  ( 1 4 ) ,  
a n d  S F 5 C F = C F 2  ( 1 7 )  a r e  b i o l o g i c a l l y  a c t i v e .  : r n - a d d i t i o n ,  S F 6  ( 1 4 ) ,  
S F 5 R f  ( 1 8 ) ,  S F 5 - o x e t a n e s  ( 1 6 )  a n d  S 2 F
1 0  
( 1 4 )  h a v e  h i g h  c h e m i c a l  s t a b i l i t y  
t o w a r d s  c o n c e n t r a t e d  a c i d s  a n d  b a s e s .  I t  i s  e x p e c t e d  t h a t  n e w  S F 5  c o m -
p o u n d s  W i 1 1 - p r o v i d e  t h e  . b a s i s  f o r  . . f u r t h e r ·  s t u d y  r e g a r d i n g  t h e  a b o v e ·  
p r o p e r t i e s _ a n d  n e w  S F
5
- o l e f i n s  s h o u l d  b e  u s e f u l  i n  p r e p a r i n g  s u r f a c e  
a c t i v e  p o l y m e r s .  
T h e  p u r p o s e  o f  t h i s  w o r k  w a s  t o  f u r t h e r  s t u d y  t h e  t h e r m a l  
a d d i t i o n  r e a c t i o n  o f  -S F 5 B r  w i t h  f l u o r o o l e f i n s  a n d  i n  p a r t i c u l a r  t o  
d e t e r m i n e  t h e  n a t u r e  o f  t h e  g r o u p s  a t t a c h e d  t o  d o u b l e  b o n d s  t h a t  f a v o r e d  
t h e  a d d i t i o n  o f  S F 5 B r .  
T h r e e  n e w  c o m p o u n d s  w e r e  p r e p a r e d :  
S F 5 B r  
+  
C F H = C F C l  
3 l >  
S F 5 C F H C F C l B r  
( 1 5 )  
S F 5 B r  +  
C H
2
= C ( C F 3 ) H  
3 l >  
S F
5
C H 2 C H ( C F 3 ) B r  
( 1 6 )  
S F 5 B r  
+  
C F H = C H C l  
) >  
S F 5 C F H C H C l B r  
( 1 7 )  
I n t e r e s t i n g l y ,  S F 5 B r  f o r m e d  o n l y  a  s m a l l  a m o u n t  o f  p r o d u c t  w i t h  C F C l =  
C H C l  a n d  f a i l e d  t o  a d d  t o  C F
2
= : c F C O F .  
T h e  a b o v e  t h r e e  n e w  c o m p o u n d s  a r e  c l e a r ,  w a t e r - w h i t e ,  r e a d i l y  
d i s t i l l a b l e  l i q u i d s .  T h e y  h a v e  b e e n  c h a r a c t e r i z e d  v i a  t h e i r  i n f r a r e d  
a n d  R a m a n  s p e c t r a ,  m a s s  s p e c t r a ,  a n d  n u c l e a r  m a g n e t i c  s p e c t r a .  
5  
6  
T A B L E  I  
I N F R A R E D  A N D  R A M A N  S P E C T R A  O F  S F
5
B r  
T e n t a t i v e  A s s i g n m e n t  a n d  ( 1 )  
I . R .  G a s  
R a m a n  ( l i o . l  
.A.m2rox~ D e s c .  o f  V i b r a t i o n  
8 9 4  V S  
8 9 8  ( 0 . 2 )  d p  
' f 3 ( E )  
'  
' V '  a s y m  ( X F 4 )  
8 4 9  v s  ( P , Q , R )  
8 4 8  ( 0 . 0 2  d p  
~(Al) 
' Y  ( X F )  
6 9 2  m  ( P , Q , R )  
6 9 1  ( 7 . 6 )  d p  
' ; < A 1 )  
" Y  s y m  ( X F
4
)  
6 2 0  ( 0 . 3 )  d p  
; - ; ( B l )  
" V "  s y m  o u t  o f  p h a s e  ( X F
4
)  
5 9 1  m  ( P , Q , R }  
5 8 6  ( 0 . 2 )  p  
1 3  ( A l )  
J  s y m  o u t  o f  p l a n e  ( X F 4 )  
5 7 5  m  
5 7 5  ( 0 . 0 2 )  d p  
~(E) 
~ ( F X F 4 )  
5 0 0  ( 0 . 2  ( d p )  
1 ? C B 2 )  
6  s y m  i n  p l a n e  ( X F  
4
)  
4 7 7  v w  
Y 2 - Y i 1  ( E )  
4 1 8  m v  
4 1 9  ( 0 . 4 )  d p  
1 l _ o ( E )  
c : S  a s y m  i n  p l a n e  ( X F 4 )  
2 7 1  m w  
2 7 2  ( 1 0 )  p  
r
4
C A 1 )  
' V  ( X ' " " Y )  
2 2 2  ( 0 . 6 )  d p  
1 ' 1 1  ( E )  d  ( Y X F 4 )  
(  1 )  X  =  S ,  Y  =  B r  
R e a c t a n t s  
S F
5
B r  +  C H
2
= C H F  
S F
5






B r  +  C H F = C F 2  
S F 5 B r  +  C F C l = C F
2  
S F 5 B r  +  C H 2  =CF~l 
S F 5 B r  +  C F 2 = C H C l  
R e a c t a n t s  
s F
5
B r  +  C F
3
C : : C H  
S F - § B r  +  C H
3
c = c H  
T A B L E  I I  
S F
5
B r  A N D  F L U O R O O L E F I N  A D D U C T S  
R e a c t i o n  C o n d .  
B P  ( ° C )  
2 1 .  h r s  R T  
9 9 . 5 - 1 0 0 . 5  
2 4  h r s  R T  
8 6 - 8 7  
2 4  h r s  R T  
7 4 ; . . 7 5  
2 4  h r s  R T  
9 4 - 9 5  
2 4  h r s  R T  
1 1 9 °  
1 4  d a y s  1 0 0 °  
1 1 1 - 1 1 1 . 5  
T A B L E  I I I  
S F
5
B r  A D D I T I O N  T O  T R I P L E  B O N D S  
R e a c t i o n  C o n d .  B P  ( ° C )  
4  d a y s  1 0 0 °  
9 3 ± 1 °  
1 2  h r s  R T  
1 1 1 - 1 1 1 . 5  
A d d u c t s  
S F f H
2
C H F B r  
S F
5
C H 2 C F
2
B r  
S F
5
C H F C F 2 B r  
S F 5 C
2
F 3 C l B r  
S F 5 C H 2 C F C l B r  
S F 5 C F 2 C H C l B r  
P r o d u c t s  
S F  f H = C ( C F
3
) B r  
S F f H = C ( C H
3
) B r  
7  
8  
T A B L E  I V  
I N F R A R E D  S P E C T R A L  D A T A  F O R  S F
5
B r  - F L U O R O O L E F I N  A N D  
S F 5 B r  - T R I P L E  B O N D  A D D U C T S  
S F f H
2







B r  
S F
5
C H F C F
2







C 1 B r  
S F 5 C F
2
C H C 1 B r  
( c m - 1 )  ·  
1 4 1 6  ( w ) ,  1 3 6 4  ( w ) ,  1 3 0 7  ( w ) ,  1 1 9 6  ( w ) ,  1 0 8 6  ( s ) ,  
1 0 4 2  ( s ) ,  9 0 0  ( v s ) ,  8 7 4  ( v s ) ,  8 4 7  ( v s ) ,  7 5 1  ( w ) ,  
6 8 1  ( w )  
1 4 1 6  { w ) ,  1 3 2 3  ( w ) ,  1 2 7 4  ( w ) ,  1 2 2 4  ( m ) ,  1 1 8 9  ( w ) ,  
1 1 2 4  ( s ) ,  1 0 4 7  ( m ) ,  9 5 5  ( v s ) ,  9 1 4  ( m ) ,  8 9 1  ( v s ) ,  
8 7 3  ( v s ) ,  8 5 5  ( v s ) ,  7 9 7  ( m ) ,  7 4 1  ( w ) ,  6 9 4  ( w )  
1 3 2 4  { w ) ,  1 2 9 5  ( w ) ,  1 2 3 2  ( s ) ,  1 1 6 1  ( v s ) ,  1 0 6 0  ( m ) ,  
9 8 3  ( v s ) ,  9 6 8  ( s ) ,  8 8 3  ( v s ) ,  8 0 8  ( m ) ,  7 7 5  ( m ) ,  
7 5 8  ( w ) ,  7 0 6  ( s )  
1 2 1 4  ( s ) ,  1 1 7 5  ( w ) ,  1 1 1 7  ( s ) ,  1 0 5 5  ( w ) ,  1 0 2 0  ( w ) ,  
9 3 6  ( v s ) ,  8 9 4  ( v s ) ,  8 5 4  ( m ) ,  8 1 6  ( m ) ,  7 6 0  ( m ) ,  
7 2 4  ( s ) ,  6 8 5  ( m )  
1 2 8 8  ( m ) ,  1 2 2 5  ( s ) ,  1 1 8 9  ( m ) ,  1 1 6 3  ( s ) ,  1 1 4 5  ( s ) ,  
1 0 3 2  ( w ) ,  9 6 0  ( m ) ,  8 8 5  ( v s ) ,  8 6 3  ( v s ) ,  8 1 5  ( m ) ,  
7 9 2  ( w ) ,  7 7 8  ( w ) ,  7 3 1  ( s ) ,  7 0 2  ( w ) ,  6 6 0  ( s ) ,  





C F C 1 B r  
S F
5
C H = C ( C H 3 ) B r  
~Fc;CH~(CF3)Br 
i s 6 m e r i c  m i x t u r e  
9  
T A B L E  I V  ( C o n t . )  
1 4 1 0  ( w ) ,  1 1 4 9  ( m - s ) ,  1 0 2 0  ( s ) ,  9 7 4  ( w ) ,  9 1 2  ( v s ) ,  
8 7 0  ( v s ) ,  8 4 5  ( v s ) ,  7 9 0  ( w ) ,  7 2 0  ( w ) ,  6 6 4  ( w ) ,  
6 1 8  ( v w ) ,  5 9 6  ( s ) ,  5 6 8  ( m )  
3 1 0 0  ( v w ) ,  1 6 4 3  ( m ) ,  1 4 3 5  ( w - m ) ,  1 3 8 3  ( m ) ,  1 2 9 6  ( w ) ,  
1 0 8 4  ( m ) ,  9 8 0  ( s ) ,  e 6 3  ( s ) ,  8 8 3  ( s ) ,  7 3 5  ( m ) ,  
6 1 9  ( m ) ,  5 9 8  ( s ,  s h  a t  5 7 5 )  
3 1 0 0 ( m ) ,  1 6 3 0  ( m , s h  a t  1 6 3 7 ) ,  1 3 3 6  ( m ) ,  1 2 8 5  ( w ) ,  
1 2 6 2  ( v s ) ,  1 2 2 6  ( m ) ,  1 1 9 1  ( v s , b ) ,  1 1 2 0  ( w ) ,  9 6 0  ( v ) ,  
9 4 4  ( v s ) ,  8 8 2  ( v s , b ) ,  8 3 2  ( w ) ,  7 6 8  ( m ) ,  7 2 4  ( m - w ) ,  
6 5 4  ( m ) ,  6 3 5  ( m ) ,  6 0 4  ( m - s ) ,  5 7 2  ( w ) ,  5 3 4  ( w )  
T A B L E  V  
G A S  C H R O M A T O G R A P H Y  D A T A  F O R  S F 5 B r -
F L U O R O O L E F I N  A N D  S F 5 B r  T R I P L E  B O N D  A D D U C T S  












B r *  
S F
5
C H F C F
2







C 1 B r *  
C C l 4 *  
C C l 4 * *  
S F 5 C H
2
C F C 1 B r * *  
S F 5 F 2 C H C 1 B r * *  
C C l 4 * * *  
S F
5
C H = C ( C H
3
) B r *  
S F
5
C H = C ( C F 3 ) B r * * *  
R e t e n t i o n  T i m e  ( m i n u t e s l  
1 s t  G . C .  i s o m e r  
3 5  
1 5  
: : 5 ·~ ·6 
J . 8  
7 . 5  
2 . 1 7  
4 . 3 3  
3 . 1 7  
7 . 3  
1 2  
3 . 7  
2 n d  G . C .  i s o m e r  6 . 5  
*  C o l u m n  t e m p =  5 9 ± 1 ° .  H e  f l o w  r a t e  2 . 5  m l / s e c .  
* *  C o l u m n  t e m p =  1 1 8 ° .  H e  f l o w  r a t e  3  m l / s e c .  
* * *  C o l u m n  t e m p =  5 9 ± 1 ° .  H e  f l o w  r a t e  3  m l / s e c .  
1 0  
TABLE VI 
NMR SPECTRAL DATA FOR SF5Br AND FLUOROOLEFIN ADDUCTS 
Chemical Shifts, Band Centers* 
S-F SF4 CF CF2 CH2 
CH 
(1) -79.9 -66.4 139.2 4.27 6.95 
_ Proposed Structure_ (2) -77.3 -70.5 51.5 4.46 
Skeletal Atom Number 
(3) -70.0 -53.7 163.5 63.1 5.58 
1 ·2 3 (4) -65.4 -48.5 76.8 88.5 
(1) SF5 CH2 CHFBr 
(2) SF5 CH2 CF2Br Coupling Constants** 
(3) SF5 CHF CF2Br J.i,F j!,F j!,H j!,H JH,H JH,F H,F 
(4) + 
1,2 2,3 2,2 2,3 2,3 3,3 J2,2 
SF5c2F3C1Br 
(1) 8 24 *** *** *** 50 
(2) 7 14 
(3) 5 JH,F = 3;~:; = 13 44 2,3 
*Chemical shifts in parts per million upfield from CFC13 internal standard or downfield from Si(CH3)4 
internal standard. . 
**Measured in cycles per second. · H,H + H,H _ 




T A B L E  V I I  
N M R  S P E C T R A L  D A T A  F O R  S F 5 B r  - F L U O R O O L E F I N  
A N D  S F
5
B r  - T R I P L E  B O N D  A D D U C T S  
P r o p o s e d  S t r u c t u r e  
C h e m i c a l  S h i f t s  
C o u p l i n g  C o n s t a n t s * *  
S k e l e t a l  A t o m  N u m b e r  




C H  
C H 2  C H
3  
H , F  H , F  
~.,F 
J 1  l  
J 3 , 2  






C F C l B r  





C H C l B r  
5 . 9  
1 2 . 6  6 . 0  
S F
5  
C H  
C ( C F
3
) B r * * *  
7 . 6 0  
6 . 5  
S F
5  
C H  
C ( C F 3 ) B r * * * *  7 . 1 3  
8 . 6  
S F
5  
C H  
C ( C H
3
) B r  
6 . 7 6  
2 . 5 7  7 . 8  
* C h e m i c a l  s h i f t s  i n  p a r t s  p e r  m i l l i o n  d o w n f i e l d  f r o m  S i ( C H 3 )
4  
i n t e r n a l  s t a n d a r d .  
* i ! M e a s u r e d  i n  c y c l e s  p e r  s e c o n d .  
* * * F i r s t  g a s  C h r o m a t o g r a p h i c  i s o m e r  
* * * * S e c o n d  g a s  C h r o m a t o g r a p h i c  i s o m e r .  
@ B a n d  c e n t e r  o f  m u l t i p l e t  o f  1 3  m a j o r  l i n e s .  
1 2  
C H A P T E R  I I  
E X P E R I M E N T A L  M E T H O D S .  
V a c u u m  S v s t e m  
T h e  v a c u u m  s y s t e m  u s e d  i n  t h i s  w o r k  w a s  a n  a l l  g l a s s  s y s t e m  
w h i c h  c o n s i s t e d  o f  a  m a n i f o l d  c o n n e c t e d  t o  a  W e l c h  D u o - S e a l  r o t a r y  
p u m p .  T h e  m a n i f o l d  c o n s i s t e d  o f  8  m m  a n d  2 2  m m  I . D .  P y r e x  g l a s s  
t u b i n g  w h i c h  w a s  c o n n e c t e d  t o  t h e  p u m p  b y  a  c o n c e n t r i c  l i q u i d  n i t r o g e n  
c o o l e d  t r a p .  T h e  m a n i f o l d  w a s  c o n n e c t e d  t o  a  t w o  l e g  m e r c u r y  m a n o -
m e t e r  a n d  a l s o  h a d  f o u r  t a p s  f o r  a t t a c h i n g  v e s s e l s .  T h e  t a p s  w e r e  
E c k  a n d  K r e b s  2  m m  h i g h  v a c u u m  s t o p c o c k s  t o  w h i c h  P y r e x  1 0 / 3 0  o u t e r  
g l a s s  j o i n t s  w e r e  a t t a c h e d .  A  T e l e v a c  g a u g e  w a s  u s e d  t o  m o n i t o r  t h e  
- 2  - 3  
s y s t e m  a n d  i t  u s u a l l y  a t t a i n e d  a  v a c u u m  a t  1 0  - 1 0  t o r r .  A l l  
j o i n t s  w e r e ·  l u b r i c a t e d  w i t h  A p i e z o n - M  g r e a s e .  T h e  s y _s t e m  i s  i l l u s -
t r a t e d  i n  F i g u r e  I .  
R e a c t i o n  V e s s e l s  
P y r e x - g l a s s  V e s s e l s  
F o r  r o o m  t e m p e r a t u r e  r e a c t i o n s  1 ,  2 ,  o r  3  l i t e r  P y r e x - g l a s s  
v e s s e l s  w e r e  u s e d .  T h e  v e s s e l s  w e r e  e q u i p p e d  w i t h  a  c o l d  f i n g e r  a t  
t h e  b o t t o m  f o r  c o n d e n s i n g  r e a c t a n t s  a n d  h a d  2  m m  h i g h  v a c u u m  T e f l o n  
s t o p c o c k s  f o r  a n  o u t l e t .  T h e  c o n n e c t i n g  p o r t i o n  c o n s i s t e d  o f  1 0 / 3 0  














n A. Eck ar-id Krebs 2 mm high vacuum stopcock 
c: 
~ B. 10/30 'f Outer Joint 





D. Thermocouple Gauge 
~ 
E. 18/9 Ball Joints · 
F. Glass Trap 
~ 
.. 
1 5  
M e t a l  H i g h  P r e s s u r e  V e s s e l s  
P _e n t a f l u o r o s u l f u r  b r o m i d e  w a s  p r e p a r e d  i n  a  7 5  m l  r n o n e l  v e s s e l  
e q u i p p e d  w i t h  a  W h i t n e y  s t a i n l e s s  s t e e l  v a l v e  a n d  t i p p e d  w i t h  a  b r a s s  
1 0 / 3 0  i n n e r  j o i n t .  H i g h e r  t e m p e r a t u r e  r e a c t i o n s  u s i n g  S F 5 B r  w e r e  
c a r r i e d  o u t  i n  v a r i o u s  m o n e l  o r  s t a i n l e s s  s t e e l  v e s s e l s  w i t h  b r a s s  
v a l v e s  a n d  1 0 / 3 0  j o i n t s .  T h e  v e s s e l s  w e r e  p l a c e d  i n  a n  o v e n  t o  h e a t  t o  
d e s i r e d  t e m p e r a t u r e s .  
P h y s i c a l  M e t h o d s  
F r a c t i o n a l  D i s t i l l a t i o n  
P r o d u c t s  w e r e  p u r i f i e d  b y  d i s t i l l i n g  i n  a  B a n t u m - w a r e  ( K o n t e s )  
d i s t i l l a t i o n  a p p a r a t u s .  A  h e a t e r  a n d  o i l  b a t h  w e r e  u s e d  t o  p r o v i d e  
h e a t  a n d  t h e  c o l u m n  w a s  c o n n e c t e d  t o  t h e  a t m o s p h e r e  b y  a  - 7 8 °  t r a p .  
G a s  C h r o m a t o g r a p h y  
T h e  p u r i t y  o f  p r o d u c t s  w a s  c h e c k e d  b y  g a s  c h r o m a t o g r a p h y  b y  
u s i n g  a n  AerographAutop~ep ( M o d e l  A - 7 0 0 )  g a s  · c~romatograph. S e p a r a -
t i o n s  w e r e  c a r r i e d  o u t  w i t h  a  1 0 '  x  3 / 8 "  c o l u m n  c o n t a i n i n g  2 0 %  C a r b o w a x  
a b s o r b e d  o n  " C h r o m o s o r b  W . "  
M o l e c u l a r  W e i g h t s  
M o l e c u l a r  w e i g h t s  w e r e  d e t e r m i n e d  o n  t h e  v a c u u m  l i n e  u s i n g  t h e  
v a p o r  d e n s i t y  m e t h o d .  T h e  P y r e x - g l a s s  b u l b  w a s  e q u i p p e d  w i t h  a  T e f l o n  
s t o p c o c k  a n d  h a d  a  v o l u m e  o f  2 f J 9 . 6  c m 3 :  
I n f r a r e d  S p e c t r a  
I n f r a r e d  s p e c t r a  w e r e  o b t a i n e d  u s i n g  a  P e r k i n - E l m e r  4 6 7  
S p e c t r o m e t e r .  G a s  s a m p l e s  w e r e  c o n t a i n e d  i n  a  m o n e l  c e l l  f i t t e d  w i t h  
e i t h e r  A g C l  w i n d o w s  o r  K R S - 5  w i n d o w s .  T h e  c e l l  w a s  e q u i p p e d  w i t h  a  
W h i t n e y  b r a s s  . v a l v e  a n d  1 0 / 3 0  i n n e r  j o i n t .  T h e  I R  r a n g e  w a s  4 0 0 0 - 2 5 0  c m - l  
1 6  
N u c l e a r  Ma.~netic R e s o n a n c e  
N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  t a k e n  o n  a  V a r i a n  
M o d e l  E M - 3 9 0  -m m .  
M a s s  S p e c t r a  
M a s s  s p e c t r a  w e r e  t a k e n  o n  a  C E C  2 1 - 1 1 0  B  d o u b l e  f o c u s  M a s s  
S p e c t r o m e t e r  w i t h  a  6  K V  i o n -: . a c c e l a t o r  s e t  a t  7 0  v o l t s .  T h e  i n t e r n a l  
s t a n d a r d  u s e d  w a s  P e r f l u o r o k e r o s i n e  ( P F K ) .  
C h e l ' ! l i c a l  A n a l y s i s  
C h e m i c a l  a n a l y s e s  w e r e  p e r f o r m e d  b y  B e l l e r  M i c r o a n a l y t i c a l  
L a b o r a t o r y  i n  G o t t i n g e n ,  W e s t  G e r m a n y .  
R e a g e n t s  
P e n t a f l u o r o s u l f u r  B r o m i d e  
S F
5
B r  w a s  p r e p a r e d  b y  r e a c t i o n  o f  S 2 F 1 0  a n d  B r 2  h e a t e d  i n  a  
m o n e l  v e s s e l  t o  1 3 0 °  f o r  1 6  h o u r s  a s  d e s c r i b e d  b y  F o x  e t  a l .  ( 1 9 ) .  
N o  a t t e m p t  w a s  m a d e  t o  p u r i f y  t h e  S F 5 B r  o t h e r  t h a n  t r a n s f e r r i n g  i t  
o u t  o f  t h e  r e a c t i o n  v e s s e l  a t  - 5 0 °  t o  - 6 0 ° .  P o s s i b l e  c o n t a m i n a n t s  
w e r e  S F 6 ,  S F 4 ,  S 2 F 1 0  a n d  B r 2 .  
F l u o r o o l e f i n s  
T h e  f o l l o w i n g  f l u o r o o l e f i n s ;  l - c h l o r o - 2 - f l u o r o e t h y l e n e  
( C H C l = C H F ) ,  3 , 3 , 3 - t r i f l u o r o p r o p e n e  ( C F
3
C H = C H
2
) ,  l - c h l o r o - 1 , 2 - d i -
f l u o r o e t h y l e n e  ( C F C l = C H F ) ,  1 , 2 - d i c h l o r o - l - f l u o r o e t h y l e n e  ( C F C l = C C l ) ,  
p e r f l u o r o p r o p e n a l  ( C F
2
= C F C O F ) ,  a n d  t r i f l u o r o e t h y l e n e  ( C F 2 = C F H ) ,  w e r e  
o b t a i n e d  f r o m - P e n i n s u l a r  C h e m  R e s e a r c h  a n d  u s e d  w i t h o u t  p u r i f i c a t i o n .  
T h e i r  p u r i t y  w a s  c h e c k e d  b y  i n f r a r e d  a n a l y s i s  b e f o r e  u s e .  
C a r b o n y l  F l u o r i d e  
C O F 2  w a s  o b t a i n e d  f r o m  P e n i n s u l a r  C h e m  R e s e a r c h  a n d  u s e d  
w i t h o u t  p u r i f i c a t i o n .  T i l e  p u r i t y  w a s  c h e c k e d  b y  i n f r a r e d  a n a l y s i s  
b e f o r e  u s e .  
D i s u l f u r  D e c a f l u o r i d e  
S 2 F 1 0  w a s  a  g i f t  f r o m  D r .  M a u d e  T r e m b l a y ,  C e n t r e  C a n a d i e n  
1 7  
d e  R e c h e r c h e s  e t  P e r f e c t i o n n e m e n t  d e s  A r m e s  ( G A R D E ) ,  Q u e b e c ; C a n a d a .  
T i l e  m o l e c u l a r  w e i g h t  w a s  t a k e n  a n d  f o u n d  t o  b e  2 5 4 . 8 9  g / m o l e  ( t h e o r .  =  
2 5 4 . 1  g / m o l e ) .  I t s  p u r i t y  w a s  a l s o  c o n f i r m e d  b y  i n f r a r e d  a n a l y s i s .  
B r o m i n e  
A n a l y t i c a l  r e a g e n t  b r o m i n e  w a s  p u r c h a s e d  f r o m  M a l l i n c k r o d t  a n d  
u s e d  w i t h o u t  p u r i f i c a t i o n .  
C e s i u m  F l u o r i d e  
C s F  w a s  o b t a i n e d  f r o m  M a l l i n c k r o d t  a n d  w a s  u s e d  a f t e r  d r y i n g  
a t  1 0 0 °  o v e r n i g h t .  
A c e t o n i t r i l e  
C H 3 C N  w a s  s p e c t r a l  g r a d e  o b t a i n e d  f r o m  M a l l i n c k r o d t  a n d  u s e d  
a f t e r  d r y i n g  w i t h  M g S 0 4 .  
P o t a s s i u m  H y d r o x i d e  
K O H  w a s  p u r c h a s e d  f r o m  
1 1
B a k e r
1 1  
a n d  w a s  u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  
P e t r o l e u m  E t h e r  ( 9 0 - 1 2 0 ° )  
P e t r o l e u m  e t h e r  w a s  a l s o  purchas~d f r o m  M a l l i n c k r o d t  a n d  u s e d  
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  
P e n t a f l u o r o s u l f u r  T r i f l u o r o e t h y l e n e  
S F 5 C F = C F
2  
w a s  p r e p a r e d  i n  t h e  l a b  v i a  a  p r o c e s s  d e v e l o p e d  b y  
G .  
L .  G a r d  e t  a l .  ( 6 ) .  
C F H = C F  
2  
+  S F  
5
B r  
.- H B r  
- p e t "  e t h e r  
K O H  
T h e  r e a c t i o n s  s t e p s  a r e :  
9 0 0  
3  d a y s  ~ S F 5 C H F C F
2
B r  
S F
5
C F = C F 2  
I t s  p u r i t y  w a s  c o n f i r m e d  b y  i n f r a r e d  a n a l y s i s .  
A m m o n i a  
N H 3  ( a n h y d r o u s )  w a s  o b t a i n e d  f r o m  M a t h e s o n  G a s  P r o d u c t s  
C o m p a n y .  
C a r b o n  T e t r a c h l o r i d e  
c c 1
4  
w a s  s u p p l i e d  i n  s p e c t r a l  g r a d e  f r o m  M a l l i n c k r o d t  S u p p l y  
C o m p a n y .  
1 8  
I n t r o d u c t i o n  
C H A P T E R  I I I  
- S Y N T H E S I S  O F  N E W  A D D U C T S  O F  S F 5 B r  
W I T H  F L U O R O O L E F I N S  
P e n t a f l u o r o s u l f u r  b r o m i d e  r e a c t s  w i t h  C H F = = C H C l ,  C F
3
C H = = C J : i
2  
a n d  
C F H = = C F C l  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n s :  
o o o  
S F
5
B r  +  C H F = C H C l  : >  S F  
5
c F H C H C 1 B r  
( 1 8 )  
4 . 5  d a y s  
r . t .  
S F
5
B r  +  C F
3






C H ( C F 3 ) B r  
1 8  d a y s  
( 1 9 )  
o o o  
S F
5
B r  +  C F H = = C F C l  >  S F
5
C F H C F C 1 B r  
5  d a y s  
( 2 0 )  
W i t h  C F C l = = C H C l  ( 1 2 5 ° ,  5  d a y s )  S F 5 S r  p r o d u c e d  o n l y  a  s m a l l  a m o u n t  o f  
u n i d e n t i f i a b l e  l i q u i d ,  a n d  w i t h  C F 2 = = C ( C O F ) F  ( 8 0 ° ,  6  d a y s )  n o  r e a c t i o n  
p r o d u c t s  w e r e  o b t a i n e d .  
I n  r e a c t i n g  S F 5 B r  w i t h  C F
2
= C F H  a  w h i t e  w a x y  p o l y m e r  w a s  p r o d u c e d  
a l o n g  w i t h  S F 5 C F H C F 2 B r .  T h i s  p o l y m e r  w a s  f o u n d  t o  c o n t a i n  s u l f u r  a n d  
b r o m i n e  a l o n g  w i t h  c a r b o n ,  h y d r o g e n  a n d  f l u o r i n e .  
A l l  o f  t h e  n e w  p r o d u c t s  w e r e  c l e a r ,  c o l o r l e s s _  r e a d i l y  d i s t i l l a b l e  
l i q u i d s ,  a n d  h y d r o l y t i c a l l y  s t a b l e .  F o r  a l l .  p r o d u c t s , , o n e  a d d i t i o n  
c o m p o u n d  w a s . f o r m e d .  T h e s e  h a v e  b e e n  i d e n t i f i e d  b y  g a s  c h r o m a t o g r a p h y ,  
m a s s  s p e c t r a ,  n m r  spectra~ i n f r a r e d  a n d  R a m a n  s p e c t r a .  
E X P E R I M E N T A L  
R e a c t i o n  o f  C H F = C H C l  w i t h  SF~ 
T h i s  r e a c t i o n  w a s  f i r s t  r u n  i n  a  o n e  l i t e r  P y r e x  v e s s e l  w i t h  
2 . 2 7  x  1 0 - 2  m o l e s  s F
5
B r  a n d  1 . 9 9  x  1 0 -
2  
m o l e s  C H F = C H C l  w h i c h  w e r e  
c o n d e n s e d  i n t o  t h e  v e s s e l  a t  - 1 9 6 ° .  I t  w a s  o b s e r v e d  t h a t  o n  w a r m i n g  
2 0  
t o  r . t .  t h e  y e l l o w  c o l o r  o f  S F 5 B r  d i s a p p e a r e d  a n d  a  - c l e a r  c o l o r l e s s  
l i q u i d  f o r m e d .  T h e  c o l o r l e s s  l i q u i d  w a s  a l l o w e d  t o  s t a n d  f o r  1 2  d a y s  
a n d  w a s  t h e n  d i s t i l l e d .  T h e r e  w a s  n o t  e n o u g h  p r o d u c t  f o r m e d  t o  
s e p a r a t e  b y  d i s t i l l a t i o n .  
A n  i m p r o v e d  m e t h o d  w a s  f o u n d  u s i n g  a  2 0 0  m l  H o k e  m o n e l  v e s s e l  
a n d  a n  i n c r e a s e  i n  t e m p e r a t u r e .  I n t o  t h i s  v e s s e l  5 . 9  x  1 0 -
2  
m o l e s  
S F
5
B r  a n d  7 . 3  x  1 0 -
2  
m o l e s  C H F = C H C l  w e r e  c o n d e n s e d .  T h e  c o m p o u n d s  
w e r e  h e a t e d  i n  a n  o v e n  f o r  4 . 5  d a y s  a t  8 0 ° .  T h e  p r o d u c t s  a g a i n  w e r e  
d i s t i l l e d  a n d  t h e  p o r t i o n  b o i l i n g  a t  1 2 7 . 5 °  w a s  c o l l e c t e d .  T h e  
j-ield -~was 4 9 . 5 % .  S i n c e  i n f r a r e d  s p e c t r u m  ( I R )  s h o w e d  o l e f i n  c o n t a m i n a -
t i o n ,  t h e  p r o d u c t  w a s  w a s h e d  w i t h  H 2 0 ,  d r i e d  w i t h  M g S 0 4  a n d  r e d i s t i l l e d  
a g a i n ,  c o l l e c t i n g  t h e  p o r t i o n  b o i l i n g  a t  1 2 7 . 5 ° .  
R e a c t i o n  o f  C F
1
C H = C H
2  
w i t h  S F
5
B r  
T h i s  r e a c t i o n ,  u s i n g  5 . 4  x  1 0 -
2  
m o l e s  s F
5
B r  a n d  5 . 8 3  x  l o - 2  m o l e s  
C F
3
C H = C H
2
,  w a s  r u n  i n  a · J  lit~r P y r e x  r e a c t i o n  v e s s e l _a t  r o o m  t e m p e r a -
t u r e .  T h e  r e a c t a n t s  w e r e  c o n d e n s e d  i n t o  t h e  v e s s e l  a t  - 1 9 6 °  a n d  a l l o w e d  
t o  w a r m  s l o w l y  t o  r o o m  t e m p e r a t u r e .  
-
A  c o l o r l e s s  l i q u i d  f o r m e d .  
I t  w a s  
d i s t i l l e d  a t  t h e  e n d  o f  1 8  d a y s  a n d  t h e  c o l o r l e s s  p r o d u c t  w a s  
c o l l e c t e d  a t  1 0 2 . 5 ° .  N o  w a s h i n g  w a s  n e e d e d .  T h e  y i e l d  w a s  3 9 % .  
R e a c t i o n  o f  C H F = C F C l  a n d  SF~ 
T h e  r e a c t i o n  w a s  f i r s t  r u n  i n  a  P y r e x  l  · l i t e r  v e s s e l .  T h e  
q u a n t i t i e s  u s e d  w e r e  2 . 6  x  1 0 -
2  
m o l e s  s F
5
B r  a n d  1 . 9 4  x  1 0 -
2  
m o l e s  
C H F = C F C l .  T h e s e  w e r e  c o n d e n s e d  i n t o  t h e  v e s s e l  a t  - 1 9 6 °  a n d  a l l o w e d  
t o  w a r m  t o  r o o m  t e m p e r a t u r e .  A f t e r  t w o  d a y s  t h e  c o l o r l e s s  l i q u i d  
w a s  d i s t i l l e d  a n d  t h e  p r o d u c t  c o l l e c t e d  a t  1 1 0 . 5 ° .  T h e  y i e l d  w a s  
4 6 % .  
A  b e t t e r  m e t h o d  f o r  t h i s  r e a c t i o n  w a .s  f o u n d  t o  c o n s i s t  ·  
o f  w a r m i n g  t h e  r e a c t a n t s  t o  8 0 °  i n  a  m o n e l  v e s s e l .  
T h e  r e a c t i o n  o f  
5 . 4  x  1 0 -
2  
m o l e s  S F
5
B r  w i t h  J . 9  x  i o -
2  
m o l e s  C H F = C F C l  f o r  5  d a y s  i n  
t h e  m o n e l  vessel~ at 8 0 ° , a f t e r  d i s t i l l a t i o n  a n d  c o l l e c t i o n  o f  t h e  
1 1 0 . 5 °  p o r t i o n ,  g a v e  a  7 0 . 2 %  y i e l d .  T h e  I R  a g a i n  s h o w e d  o l e f i n  c o n -
t a m i n a t i o n  a n d  t h e  p r o d u c t  w a s  w a s h e d  w i t h  H
2
0  a n d  d r i e d  w i t h  ¥ . i g s o
4
•  
R e a c t i o n  o f  C F C l = C H C l  a n d  S F
5
B r  
2 1  
T h i s  r e a c t i o n  w a s  a t t e m p t e d  i n  b o t h  t h e  1  l i t e r  P y r e x  v e s s e l  a t  
r . t .  a n d  t h e  m o n e l  2 0 0  m l  v e s s e l  a t  8 0 ° .  I n t o  t h e  1 - l i t e r  v e s s e l ,  
2 . 0 2  x  1 0 -
2  
m o l e s  s F
5
B r  a n d  2  x  1 0 . - 2  m o l e s  C F C 1 = 9 1 C l  w e r e  c o n d e n s e d .  
A f t e r  2 1  d a y s  a t  r . t .  v e r y  l i t t l e  liq~d w a s  o b s e r v e d  a n d  w h e n  d i s -
t i l l e d  n o  p r o d u c t  . c o u l d  b e  .  i s o l a t e d . .  I n t o  t h e  H o k e  m e t a l .  v e s s .e 3 , . ,  
- 2  -
4~18 x  1 0  m o l e s  S F
5
B r  a n d  3 . 4 2  x  ) . . 0  . .  _2  m o l e s  C F C l ; : : : : C H C l  w e r e  c o n d e n s e d ,  
a n d  h e a t e d  a t  8 0 °  f o r  5  d a y s .  A g a i n  a f t e r  d i s t i l l a t i o n  l i t t l e  P . r o d u c t  
w a s  o b s e r v e d .  · T h e  c u t s  f r o m  th~ d i s t i l l a t i o n  w e r e  r e t u r n e d  t o  t h e  
v e s s e l  a n d  t h e  t e m p e r a t u r e  i n c r e a s e d  t o  1 1 0 °  a n d  t h e n  1 2 5 °  f o r ·  5  d a y s .  
A  s m a l l  a m o u n t  o f  p r o d u c t  w a s  c o l l e c t e d  a t  9 4 °  v i a  d i s t i l l a t i o n .  
T h e r e  i s  s o m e  i n d i c a t i o n  t h a t  a  s m a l l  a m o u n t , o f  p r o d u c t  , i s  f o r m e d  
b u t  i t  c o u l d  n o t  b e  p u r i f i e d  n o r  c o u l d  a n  a c c u r a t e  b o i l i n g  p o i n t  
2 2  
o r  m o l e c u l a r . w e i g h t  b e  d e t e r m i n e d .  
R e a c t i o n  o f  C F 2 = C F C O F  a n d  SF~ 
I n t o  a  o n e  l i t e r  P y r e x  v e s s e i ,  l . 7 9  x  1 0 -
2  
m o l e s  C F z = C F C O F  a n d  
3 . 1 8  x . 1 0 -
2  
m o l e s  S F
5
B r  w e r e  c o n d e n s e d  a t  - 1 9 6 ° .  A t  r o o m  t e m p e r a t u r e  
t h e r e  w e r e ·  n o  a p p a r e n t  s i g n s  o f '  r e a c t i o n  • .  ' n l i s  r e a c t i o n  w a s  t h e n  
t r i e d  i n  a  m o n e l  v e s s e l  a t  8 0 °  f o r  s i x  d a y s ;  2 . 7  x  1 0 -
2  
m o l e s  CF~FCOF 
a n d  3 . 6  x  1 0 -
2  
m o l e s  S F
5
B r  w e r e  u s e d  t h i s  t i m e .  T i i e  m a t e r i a l . i n  t h e  
v e s s e l  w a s  d i s t i l l e d  a n d  n o  p r o d u c t  f o r m a t i o n  w a s  o b s e r v e d .  T i i e  
m a j o r  d i s t i l l a t e  w a s  c o l l e c t e d  a t  2 9 - 3 1 °  w h i c h  i s  t h e  b o i l i n g  p o i n t  
o f  t h e  s t a r t i n g · o l e f i n .  
C h e m i c a l  A n a l y s i s  
T i i e  c o m p o u n d s  w e r e  a n a l y z e d  b y  B e l l e r  M i c r o a n a l . y t i c a l  L a b o r a t o r y  
f o r  C ,  H ,  S ,  C l ,  B r ,  F .  T h e r e  w a s  g o o d  a g r e e m e n t  w i t h  c a l c u l a t e d  
a n d  e x p e r i m e n t a l  r e s u l t s  a s  s h o w n  i n  T a b l e  V I I I .  
P h y s i c a l  P r o p e r t i e s  
T h e  p h y s i c a l  p r o p e r t i e s  a r e  s u m m a r i z e d  i n  T a b l e  I X .  T i i e  
m o l e c u l a r  w e i g h t s  w e r e  f o u n d  u s i n g  a  c a l i b r a t e d  b u l b  a n d  t h e y  a g r e e  
w e l l  w i t h  t h e  t h e o r e t i c a l  v a l u e s .  
G a s  C h r o m a t o g r a p h y  




C H B r ( C F
3
)  a n d  S F
5
C F H C F C 1 B r  
s h o w e d  o n e  p e a k  ( s e e  T a b l e  X ) .  W e  a r e  a t  a  l o s s  t o  e x p l a i n  wh~ 
S F
5
C F H C H C 1 B r  h a d  a  s h o u l d e r .  o n  i t  w h i c h  w e  c o u l d  n o t ·  s e p a r a t e .  W i t h  
a n o t h e r  c o l u m n  o f  t h e  s a m e _t y p e  w e  o b s e r v e d  o n l y  o n e  m a j o r  p e a k  a t  
4 . 0  m i n u t e s  r e t e n t i o n  t i m e .  
T A B L E  V I I I  
E L E M E N T A L  A N A L Y S E S  O F  S F
5
B r  A D D U C T S  
A d d u c t s  
Q  
! !  
§ .  
. E  
. Q  
( %  b y  w t ,  E x p / C a l e )  
S F  C F H C H C l B r  
~ 
. 8 0  
1 0 . 8 4  
. 1 2 . &  
2 8 .  ~J 
5  
8 . 3 6  
. 6 9  
1 1 . 1  





C H B r C F
3  
1 1 . 8 8  
1 . 0 0  
l 0 . 4 4  
~ 
2 6 . 2  
.  1 1 . 9  
. 9 9  
1 0 . 6  
5 0 . 2  
2 6 . 4  
S F
5
C F H C F C 1 B r  
8 , 0 0  
7 . 8 7  
C o m p o u n d s  
S F
5









C F H C F C 1 B r  
~ 
1 0 . 4 6  
·~ 
26.~1 
. 3 2 8  
1 0 . 5  
4 3 . 6  
2 6 . 2  
T A B L E  I X  
P H Y S I C A L  P R O P E R T I E S  O F  A D D U C T S  
M o l .  W t . ( g / m o l e )  
E x , p / C a l c  
2 9 0 . 1 / 2 8 7 . 4  
2 9 9 . 1 / 3 0 3  
3 0 0 . 6 / 3 0 5  
f u :  
l b . . i Z  
1 2 . 2  
1 k . 1 1  
1 1 . 5  
B o i l i n g  P o i n t s  
o c  
1 2 7 . 5  
1 0 2 . 5  
l l l . 2  
2 3  
T A B L E  X  
G A S  C H R O M A T ( X } R A P H Y  D A T A  F O R  S F
5
B r  A D D U C T S  
C o m p o u n d  
T i m e  ( m i n . )  
c c 1
4  
L 8 7  
S F 5 C F H C H C l B r  





C H B r C F
3  
1 . 6 7  
S F
5
C F H C F C 1 B r  
2 . 5 0  
* S h o u l d e r  o n  p e a k .  U s i n g  a n o t h e r  1 0  f t  c a r b o w 9 - X  c o l u m n  t h e r e  
w a s  o b s e r v e d  1  p e a k  a t  4  m i n ;  t e m p  =  1 6 0 °  
C o l u m n  t e m p .  . 1 3 0 °  
D e t e c t o r  t e m p .  1 6 0 °  
I n l e t  t e m p .  1 2 0 °  
C o l l e c t o r  t e m p .  1 8 0 °  
2 4  
2 5  
I n f r a r e d  S p e c t r a  
T h e  i n f r a r e d  s p e c t r a  f o r  t h e  n e w  a d d u c t s  a r e  l i s t e d  i n  T a b l e  X I  
a n d  s h o w n  i n  F i g u r e s  ( 2 - 5 ) .  T h e  c o m m o n  f e a t u r e  i n  a l l  s p e c t r a  i s  t h e  
a b s o r p t i o n  b a n d s  d u e  t o  t h e  S F
5  
g r o u p .  T h e s e  b a n d s  a r e  c e n t e r e d  n e a r  
t h e  8 7 0  c m -
1  
a n d  c a n  b e  d i r e c t l y  r e l a t e d  t o  t h e  v i b r a t i o n a l  m o d e s  o f  
t h e  s F
5  
g r o u p .  C r o s s  a n d  c o w o r k e r s  f o u n d  t h a t  t h e  S F
5  
g r o u p  s h o u l d  
h a v e  t h e  m o s t  i n t e n s e  b a n d s  i n  t h e  8 5 0 - 9 2 0  c m -
1  
r a n g e  f o r  t h e  S - F  
s t r e t c h i n g  m o d e s  a n d  i n  t h e  6 0 0  c m - l  r e g i o n  f o r  t h e  d e f o r m a t i o n  m o d e s  
( 2 0 ) .  T h e r e f o r e ,  t h e  b a n d s  a t  8 7 2  c m -
1  
a n d  9 0 0  c m - 1  f o r  S F 5 C F H C H C l B r ,  
8 5 0  c m - 1 ,  8 7 0  c m -
1
,  a n d  9 2 7  c m -
1  
f o r  S F 5 C H 2 C H ( C F 3 ) B r  a n d  8 7 0  c m - l  f o r  
S F
5
C F H C F C 1 B r  a r e  a s s i g n e d  t o  t h e  S - F  s t r e t c h i n g  m o d e .  T h e  S - F  d e f o r m a -
t i o n  m o d e  i s  l o c a t e d  a t  6 0 0  c m - 1  f o r  a l l  t h e  a d d u c t s .  F o r  c o m p o u n d s  
w i t h  t h e  C - F  g r o u p  t h e  s t r e t c h i n g  a b s o r p t i o n  i s  u s u a l l y  l o c a t e d  a t  
1 0 0 0 - 1 1 1 0  c m - l .  T h e r e f o r e ,  i n  S F 5 C F H C H C l B r  a n d  i n  S F 5 C F H C F C l B r  t h e  
C - F  s t r e t c h  i s  a s s i g n e d  t o  1 1 0 0  c m - 1  a n d  1 0 6 5  c m -
1  
r e s p e c t i v e l y ,  T h e  




C H ( C F 3 ) B r  i s  a s s i g n e d  t o  t h e  b a n d s  i n  1 1 1 5  c m - 1  
- 1  
t o  1 2 8 0  c m  r e g i o n .  
I n  t h e  r e a c t i o n  o f  C H C l = C F C l  +  S F
5
B r  t h e  i n f r a r e d  s p e c t r u m  s h o w s  
t h e  d i s a p p e a r a n c e  o f  t h e  d o u b l e  b o n d  a n d  t h e  p r e s e n c e  o f  t h e  S - F  s t r e t c h  
i n  t h e  8 0 0 - 1 0 0 0  c m -
1  
r a n g e .  A l s o ,  b a n d s  a t t r i b u t a b l e  t o  C - F  s t r e t c h  
a r e  p r e s e n t .  
M a s s  S p e c t r a  
T h e  m a j o r  p e a k s  i n  t h e  m a s s  s p e c t r a  f o r  t~e n e w  S F 5 B r  a d d u c t s  
a r e  l i s t e d  i n  T a b l e  X I I .  T h e  p e a k s  f o r  t h e  p o s s i b l e  S F 5 B r  +  C H C l = C F C l  
a d d u c t  a r e  l i s t e d  a l t h o u g h  n o t  a l l  f r a g m e n t s  a r e  i d e n t i f i e d .  T h e r e  i s ,  
h o w e v e r ,  s o m e  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  a n  a d d u c t .  T h e  o t h e r  
T A B L E  X I  
I N F R A R E D  S P E C T R A  O F  N E W  S F 5 B r  A D D U C T S  
S F
5
C F H C H C 1 B r  ( g a s )  
1 3 6 8  ( m )  
1 3 4 5  ( n i . )  
1 2 7 0  ( w )  
1 1 5 0  (m~ s h .  1 1 7 5 )  
1 1 0 0  ( m J  
1 0 5 0  ( w )  
9 3 2  ( m )  
9 0 0  ( s )  
8 7 2  ( s )  
8 1 7  ( m )  
7 1 7  ( m - w )  
7 0 0  ( m - w )  
6 3 0  ( m )  
6 0 0  ( m )  
5 6 7  ( w )  
S F 5 C F H C F C l B r  ( g a s )  
1 1 5 5  ( m - s ,  s h . a t  1 1 9 5 ; 1 2 5 5 (  
1 2 8 0 , 1 3 3 0 )  
1 1 2 0  ( s )  
1 0 6 5  ( m (  s h .  a t  1 0 3 5 )  
9 6 0  ( m J  ·  
8 7 0  ( v s ,  s h .  a t  1 0 0 5 , 1 0 2 5 )  
8 1 5  ( s )  
7 5 5  ( w )  
6 4 5  ( m ,  s h .  a t  6 6 5 , 6 8 5 , 7 0 5 )  
6 0 0  ( s )  
5 7 0  ( m )  
5 4 0  ( m )  
SF~2CH(CF
3
)Br ( g a s )  
1 4 8 0  ( w )  
1 4 1 0  ( m ,  s h .  a t  1 4 2 0  &  1 4 2 7 )  
1 3 6 5  ( w )  
1 2 8 0  ( s )  
1 2 5 2  ( s )  ·  
1 1 6 5  ( v s ,  s h .  a t  1 1 9 0 )  
1 1 1 5  ( s )  
9 2 7  ( v s )  
8 7 0  ( v s ,  s h .  a t  8 9 5 )  
8 5 0  ( s )  
8 1 6  ( s )  
6 0 0  ( m - s )  
5 7 0  ( m - s )  
5 4 0  ( s )  
C F C l = C H C l  +  S F
5
B r  ( g a s )  
1 2 7 0  ( m )  
1 2 0 9  ( s )  
1 1 3 0  ( v s )  
1 0 2 5  ( s )  
9 7 3  ( s )  
9 3 5  ( s )  
8 0 0  ( w )  
7 5 0  ( m )  
6 7 0  ( w )  
5 8 2  ( w )  
2 6  
2 7  
T A B L E  X I I  
M A S S  S P E C T R A  O F  N E W  A D D U C T S  
S F f F H C H C l B r  
M / e  
R e l .  I n t .  
~ 
~ 
R e l .  I n t .  
! n d ! L  





8 2  





S F  +  
2 6  
· 8 . 2 5  
C 2 H 2  
8 9  
5 6 . 7 0  
3  
+  +  
+  
+  
2 8  
8 1 . 4 4  
N
2  
, C O  
9 1  
3 . 0 9  
C B r  ,  S F
3  
3 1  
5 . 1 5  
C F +  
9 6  
6 . 1 9  
S F 2 C H C H +  
3 2  
2 8 . 8 7  
C F H +  
9 8  
3 . 0 9  
+  +  
B r F  ,  S F 2 C H C H  
4 4  1 7 . 5 3  
c o  + c s +  
. 2 ,  
9 9  1 0 0  C H F 2 C H C l +  
4 5  
4 1 . 2 3  
C
2
H 2 F  
+  
1 0 0  
3 . 0 9  
B r F +  
4 7  8 . 2 5  
c c 1 +  
1 0 1  
S F
3
c + , .  C H F 2 C H C l  
+  
3 2 . 9 9  
4 8  
3 . 0 9  
C H C l +  ·  
4 9  
9 . 2 8  
~· +  +  
C H 2 C 1 i : ; . ,  C C l  
1 2 3  
5 . 1 5  
S C B r +  
5 1  
8 . 2 5  
S F + , c H
2
C l +  
1 2 4  
3 . 0 9  
S C H B r +  
6 0  




H p l '  
1 2 5  
4 . 1 2  
S C B r +  
+  
6 1  2 . 0 6  
C 2 H
2
C l  
1 2 6  
3 . 0 9  
S C H B r +  
6 4  
· 4 . 1 2  
S F C H +  
1 2 7  
3 6 . 0 8  
S F  +  
5  
S C l +  
+  
+  
6 7  4 . 1 2  
1 2 9  





c 1  ,  ,  S F  
5  
+  
7 0  
1 0 . 3 1  
S F
2  
1 3 8  
9 . 2 8  
S C i J B r +  
7 7  
4 . 1 2  
?  
1 4 0  
1 1 . 3 4  
.  - +  +  
S F 5 C H  , S C
2
H B r  
7 8  
8 . , 2 5  
C F C C l +  
1 4 2  
3 . 0 9  
S F . 5 C H +  
7 9  2 3 . 7 1  
+ ,  +  
C H F C C l . ,  ,  B r  . .  
1 5 8  
2 6 . 8 0  
S F
5
C F +  
8 0  
5 4 . 6 4  
C 2 H 2 C l F +  
1 5 9  
J . 0 9  
S F
5
C F H +  
8 1  
4 7 . 4 2  
C H F C C l +  
·r 6 o  
3 4 . 0 2  
+  +  
S F 5 C H
2
F  , S F 5 C F  
B r +  
,: _ .  
2 8  
T A B L E  X I I  
( c o n ' t )  
\  
M / e  
R e l .  I n t .  
~ 
M / e  R e l .  I n t . ·  
~ 
1 6 2  
+  
8 9  
S F  +  
3 4 . 0 2  S F 5 C H
2
F  
5 ;  .  5 6  
:3  
1 7 7  





C B r  
+  
9 1  2 . 7 8  
+  +  
C B r ,  S F 3  
+  
1 7 9  
9 . 2 8  
C F
2
C H C 1 B r  
9 5  
3 6 . 1 1  
+  
F 3 C C H C H
2  
2 8 6  
2 . 0 6  
S F 5 C F C C l B r +  1 0 2  
2 . 7 8  
S F
3
C H +  
2 8 8  
3 . 0 9  
p a r e n t  
1 0 5  
4 . 1 7  
+  +  




.  1 0 7  
5 . 5 6  
B r C H C H +  
S F _ 5 l l i
2
C H ( C F : 3 ) B r  
1 0 8  
2 . 7 8  
+  +  




2 5  
5 . 5 6  
C H +  
2  
S B r +  1 1 1  
2 2 . 2 2  
2 6  
2 7 . ' { 8  
+  
C 2 H 2  
+  +  
1 1 3  
2 0 . 8 3  
S F 3 C
2  
, S B r  
+  
2 7  
1 5 . 2 8  
C 2 H 3  
6 . 9 4  
+  +  
1 1 5  
S F
3




3 0  
5 . 5 6  
?  
J . 2 7  
1 0 0  
S F  +  
3 1  4 . 1 7  
C F +  
. 5  
+  +  
c o
2
+ , c s +  
1 2 9  
1 1 . 1 1  
C B r F
2  
,  S F
5  
4 4  
2 . 7 8  
+  
+  
1 3 1  
6 . 9 4  
C 2 F 2 C F J  
4 5  





1 7 5  
6 3 . 8 9  
C H C C F 3 B r  ,  
4 9  
4 . 1 7  
?  
+  
5 0  2 2 . 2 2  
C F  +  
CH~CCF3Br 
2  
1 7 6  
2 . 7 8  
+  
+  
C H C H C F 3 B r  
6 5  2 . 7 8  
S F C H 2  
C F  +  
1 7 7  
6 2 . 5 0  
C H 2 C H C F
3
B r +  
6 9  
3 4 . 7  
3  
7 0  
1 3 . 8 9  




C F H C F C 1 B r  
7 5  9 . 7 2  
C H C C F
2
+  
2 8  
5 1 . 0 4  




7 6  
2 . 7 8  
C H C H C F 2 +  
3 1  
l l . 4 6  
C F +  
C H 2 C H C F  +  
3 2  
2 1 . 8 8  
+  
7 7  
1 6 . 6 7  
C F H  
2  
8 1  
2 . 7 8  
C C F  +  
3  
3 5  
2 . 0 8  
C l +  
8 3  
5 . 5 6  
C H
2
C F 3  
+  
4 4  
6 . 2 5  
+  +  
c o
2  
, C S ,  
2 9  
T A B L E  X I I  ( c o n ' t )  
M / e  
R e l .  I n t .  
~ 
M / e  
R e l .  I n t .  
~ 
4 7  
5 . 2 1  
c c 1 +  
1 1 7  
6 2 . 5 0  
S F 2 C C l  + -
4 8  
2 . 0 8  
C H C l +  
1 1 9  
2 0 . 8 3  
S F
2
C C 1 +  
5 1  
2 0 . 8 3  
S F +  C H  C l +  
'  2  
1 2 7  1 0 0  
S F  +  
5  
6 3  7 . 2 9  
s c F +  
1 2 8  
3 . i 2  
S F  H +  
5  
6 6  
3 . 2 1  
C F C l +  
1 2 9  
1 6 . 6 7  
S C F C F C l +  
6 7  
2 2 . 9 2  
s c i +  
S F  +  
5  
6 9  
7 . 2 9  
C F  +  s c i +  
3  ,  
1 4 2  
4 . i 7  
S F C B r +  
3 3 . 3 3  
S F  +  
i 4 4  
4 . i 7  
+  
7 0  
2  
S F C B r  
- ·  
7 7  
4 . 1 7  
?  
1 4 5  4 . 1 7  
S F C H B r + , c F C l B r +  
7 9  
5 . 2 i  
+  +  
C H C F C l  , B r  .  
1 4 7  
4 . 1 7  





C B r +  
8 1  
1 7 . 7 i  
C H C F C l  , B r  
1 6 1  
7 . 2 9  
8 2  
5 . 2 1  
+  +  
H B r .  , S F 2 C  
1 6 3  
7 . 2 9  S F 2 C B r  
+  
8 5  
· 2 . 6 0  
S C F H +  
1 7 7  1 2 . 5 0  
C H F C F C l +  
8 9  
1 0 0  
S F  +  
3  
1 7 9  
1 4 . 5 8  
C H F C F C l B r +  
9 1  7 . 2 9  
+  + '  
C B r  ,  S F
3  
1 8 1  
3 . 1 2  
C H F C F C l B r +  
9 7  
2 . 0 8  
C F C F C l +  
C H F C F C l +  
C H C l = C F C l  +  5 F _ 5 1 k  
9 8  4 1 . 6 7  
S F C C l +  
2 4  
2 . 0  
c  +  
2  
2 5  
7 . 3  
+  
C H F C F C l +  
C 2 H , _  
1 0 0  
1 4 .  5 8  
+  
+  
2 7  
5 . 2  
S F C C l  , B r F  
N  + c o +  
2 8  
1 0 . 4  
1 0 5  
2 . 0 8  
S C l F 2 +  
2  ,  
S F 4 +  
3 1  
1 2 . 5  
C F +  
1 0 8  5 . 2 1  
C F H +  , S +  
'  
3 2  
3 . 1  
+  
1 1 1  
7 . 2 9  
- S B r  +  ,  C H F B r  
+  +  
3 5  
1 1 . 4  
C l +  
1 1 3  
7 . 2 9  
S B r  , C H F B r  
H C l +  
3 6  
2 . 1  
3 0  
T A B L E  X I I  ( c o n ' t )  
C H C l = C F C l  +  S F
5
B r  ( c o n ' t )  
+  +  
3 7  
4 . 2  
C l +  
1 2 9  
1 8 . 7  








4 3  




1 3 1  





c 1  
4 4  
4 5 . 8  
c o
2
+ , c s +  
1 3 3  3 4 . 3  





c 1  
4 7  
3 6 . 4  
c c 1 +  
1 3 4  









4 8  
1 2 . 5  
C H  C l  
1 3 5  
2 1 . B  
S C
2
B r  
4 9  
1 0 . 4  
c c 1 +  
1 3 7  
3 . 1  
.  +  
S C 2 B r  
5 0  
4 . 2  
C H C l +  
1 5 5  
7 . 3  
S C 2 H F B r +  
S F +  
+  
5 1  
4 . 2  
1 7 7  
4 . 7  
C F
2
C H C 1 B r  
S F H +  C l F +  
+  
5 4  
J . l  
,  
1 7 9  
6 . 2  C F 2 C H C l B r  
5 9  
6 . 2 5  
C  C l +  
2  
1 9 3  
2 . 1  
C H C l C F C l B r +  
6 0  
1 4 . 6  
C 2 H c 1 +  
1 9 5  
4 . 2  
C H C l C F C l B r +  
6 1  
c  c 1 +  
+  
2 . 1  
2  
.  2 1 2  
5 . 2  
C F
2
C H C 1
2
B r ·  
6 2  
9 . 4  
C~Cl+ 
2 1 4  8 . 3  
C F
2
C H C 1
2
B r  
+  
9 9  
1 9 . B  
S F C H C l +  
2 1 6  
J . l  
C F
2
C H C 1
2
B r  
+  
1 0 0  
4 . 2  
B r F +  
1 0 1  
6 . 2 5  
S F
3
C + , S F C H C 1 +  
1 0 8  
6 . 2 5  
S F  +  
4  
1 1 3  4 . 2  
S F 2 C C F  + ,  C C l C F C l  +  
1 1 4  
1 0 0  
S F 2 C H C F  +~ C H C l C F C l  +  
1 1 5  
8 . 3  
?  
1 1 6  1 0 0  
S F  2 C C l  + , C H  C l C F C l  +  .  
1 1 7  4 . 2  
S F 2 C C l +  
1 1 8  
2 7 . 1  
S F 2 C H C l + , C H C l C F C l +  
1 2 7  1 0 0  
S F  +  
5  
t h r e e  c o m p o u n d s  a l l  e x h i b i t  s t r o n g  p e a k s  a t  m / e  - 8 9 ,  m / e  =  5 1  
a n d  m / e  =  1 2 7 ,  w h i c h  a r e  S F
3
+ ,  S F + .  a n d  S F
5
+  r e s p e c t i v e l y .  I n  
S F 5 C H 2 C H ( C F
3
) B r  t h e r e  w a s  a  stro~ C F 3 +  a t  m / e  =  6 9 .  O n l y  o n e  c o m -
p o u n d ,  S F
5
C H F C H C 1 B r ,  h a d . a  g o o d  p a r e n t  p e a k .  
N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r a  
3 1  
P r o t o n  r u n r  s p e c t r a  w e r e  r e c o r d e d  f o r  t h e  c o m p o u n d s  S F
5
? H F C H C 1 B r ,  
S F 5 C H
2
C ( C F 3 ) H B r ,  a n d  S F 5 C H F C F C l B r  ( s e e  F i g .  6 - 8 ) .  T h e  d a t a  a v a i ; t a b l e  f r o m  
t h e  s p e c t r a  a r e  g i v e n  i n  T a b l e  X I I I .  D u e  t o  t h e  f l u o r i n e  s p l i t t i n g  o f  t h e  
p r o t o n s  a n d  t h e  a s y m m e t r i c  c e n t e r s . o n  t h e  m o l e c u l e s  t h e  spec~ra a r e .  r a t h e r  
c o m p l e x  a n d  n o t :  a l l  o f  t h e  c o u p l i n g  c o n s t a n t s  c o u l d  b e  d e t e r m i n e d ;  h o w e v e r  
e n o u g h  i n f o r m a t i o n  i s  p r e s e n t  t o  d e t e r m i n e  t h e  s t r u c t u r e s  a s  p r e s e n t e d  
i n  t h e  t a b l e .  
F o r  c o m p o u n d  S F
5
C F H C H C 1 B r  t h e r e  a r e  t w o  p r o t o n s  b e i n g  s p l i t  
i n t o  d o u b l e t s  b y  t h e  f l u o r i n e  o n  t h e  c a r b o n .  T h e  S F 4  : p o r t i o n  o f  t h e  
S F 5  g r o u p  t h e n  s p l i t s  o n e  o f  t h e s e  p r o t o n s  i n t o  a  p e n t e t  w i t h  
.  .  
J H  F  =  5 . 4  c y c l e s .  T h i s  g i v e s  t w o  f i v e  l i n e  p a t t e r n s  w h i c h  a r e  
2  1  




=  1 .  2  
c y c l e s .  T h e  r e m a i n i n g  p r o t o n  H J  w h i c h  f o r m e d  a  d o u b l e t  w i t h  t h e  
f l u o r i n e  F J ,  w a s  a g a i n  s p l i t  i n t o  a  d o u b l e t  b y  H
2  
w i t h  t h e  s a m e  




=  1 . 2  c y c l e s .  I f  t h e  a d d i t i o n  o f  S F
5
B r  
h a d  b e e n  r e v e r s e d  t h e  p r o t o n  o n  t h e  C H F B r  p o r t i o n  w o u l d  h a v e  h a d  a  
f a i r l y  s i m p l e  s p l i t t i n g  p a t t e r n  a n d  t h i s  p r o t o n  w o u l d  h a v e  h a d  t h e  
l a r g e r  J  v a l u e  a n d  w o u l d  n o t  h a v e  b e e n  s p l i t  i n t o  t h e  p e n t e t .  
3 2  
T A B L E  X I I I  
N M R  S P E C T R A L  D A T A  F O R  S F
5
B r  - F L U O R O O L E F I N S  A D D U C T S  
S u g g e s t e d  S t r u c t u r e  
C h e m i c a l  S h i f t s  





. ( p p m )  
( c y c l e s )  
S F 5  
C H F  
.  C H C l B r  s  
2  =  5 . 8 3  
s - 3  =  6 . 2 5  
J H z F 2 =  4 3 . 2  
J  
=  1 9 . 8  
H 3 F 2  
.  
J H  F  =  5 . 4  
2  1  
J H ; f 1 3 =  1 . 2  
S F 5  
C H
2  
C H B r  .  C F
3  
~3 =  4 . 5  
b 2  ~ 4 . 1 3  
J H  F  =  9  
3  4  
J H Z f  .  =  2 . 8 8  
3 C l . S  
S F
5  
C H F  
C F C l B r  
b  =  5 . 6  
J H  F  = 4 1 . 4  
J H  F  ~ 
6  
2  2  
2  1  




C H ( C F 3 ) B r  i s  v e r y  c o m p l e x  a n d  
n o t  a l l  o f  t h e  c o u p l i n g  c o n s t a n t s  c o u l d  b e  o b t a i n e d .  T h e  s e t  o f  
p e a k s  f a r t h e r  d o w n f i e l d  b e l o n g  t o  p r o t o n  H
3  
a n d  t h e  g r o u p  o f  p e a k s  
a t  4 . 1 3  p p m  b e l o n g  t o  p r o t o n  H
2
•  B e c a u s e  o f  t h e  a s y m m e t r i c  c e n t e r s  
o n  t h i s  m o l e c u l e  t h e r e  i s  b o t h  c i s  a n d  t r a n s  c o u p l i n g  b e t w e e n  p r o t o n .  
H 3  a n d  p r o t o n  H
2
•  P r o t o n  H
3  
i s  s p l i t  i n t o  a  d o u b l e t  b y  t h e  c i s  
p r o t o n ,  a  d o u b l e t  b y  t h e  t r a n s  p r o t o n ,  a n d  a  q u a r t e t  b y  t h e  f l u o r i n e  
3 3  
F
4
;  f r o m  t h e  p o s s i b l e  o v e r l a p p i n g  i t  w a s  d e t e r m i n e d  J  .  < _ • J  L  
H 3 H 2  c i s  H 3 F 4  
J H  H  t  ,  J H  H  
1
. - =  2 .  8 8  c y c l e s ,  J H  ·  F  =  9  c y c l e s  a n d  J H  H  t  
3  
2  
r a n s  3  
2  
c  s  3  
4  
.  ·  3  
2  
r a n s  
w a s  i n d e t e r m i n a b l e  d u e  t o  o v e r l a p p i n g .  I f  t h e  S F 5 B r  a d d i t i o n  h a d  
o c c u r r e d  i n  t h e  o p p o s i t e  w a y  t h e  p r o t o n s  C H 2  w o u l d  h a v e  a  v e r y  s i m p l e  
s p l i t t i n g  p a t t e r n .  V e r y  l i t t l e  c a n  b e  s a i d  a b o u t  t h e s e  p r o t o n s  f r o m  t h i s  
s p e c t r u m  o t h e r  t h a n  t o  g e t  a n  a p p r o x i m a t e  c h e m i c a l  s h i f t  o f  b 2  ~ 4 . 1 3  p p m .  
T h i s  p r o b l e m  i s  d u e  t o  t h e  p r o t o n  b e i n g  i n  d i f f e r e n t  e n v i r o n m e n t s  a n d  t o  t h e  
o v e r l a p  a n d  p o s s i b l e  c o l l a p s i n g  o f  p e a k s  d u e  t o  c l o s e  J  v a l u e s .  
C o m p o u n d  S F
5
C F H C F C 1 B r  g i v e s  a n o t h e r  r a t h e r  c o m p l e x  s p e c t r u m  a g a i n  
d u e  t o  t h e  a s y m m e t r y  o f  t h e  c o m p o u n d .  T h e  s i n g l e  p r o t o n  h a s  a  c h e m i c a l  
s h i f t  o f  5 . 6  p p m .  T h e  l a r g e s t  c o u p l i n g  c o n s t a n t  i s  t h e  d o u b l e t  w i t h  
v a l u e  JH~
2 
=  4 1 . 4  c y c l e s ,  t h i s  c o m p a r e s  v e r y  w e l l  w i t h  t h e  v a l u e  f o r  
t h e  s a m e  t y p e  o f  c o u p l i n g  i n  t h e  c o m p o u n d  S F
5
C F H C H C 1 B r ,  w h e r e  J H  F  =  
2  2  
4 3 . 2  c y c l e s .  A g a i n  i n  t h i s  m o l e c u l e  o n e  h a s  a  c i s - t r a n s  s p l i t t i n g  
b e t w e e n  H
2
,  F 3  a n d  t h i s  c a u s e s  o v e r l a p  a n d  c o l l a p s i n g  o f  p e a k s .  A l s o ,  




c o u p l i n g  w h i c h  i s  a  p e n t e t  i s  i n v o l v e d .  I f  i n  t h i s  c o m p o u n d  
a d d i t i o n  h a d  o c c u r r e d  t h e  o p p o s i t e  w a y  t h e r e  w o u l d  b e  n o  c o m p l e x  p a t t e r n  
a s  t h e  p r o t o n  w o u l d  n o t  b e  s p l i t  b y  t h e  s F
4  
g r o u p  a n d  s i m p l e  d o u b l e t s  
w o u l d  b e  o b s e r v e d .  
3 4  
P o l y m e r i z a t i o n  o f  T r i f l u o r o e t h y l e n e  i n  t h e  P r e s e n c e  o f  SF~ 
1 .  E x p e r i m e n t a l  a n d  D i s c u s s i o n  
I n  t h e  r e a c t i o n  o f  S F
5
B r  a n d  C F
2
= C F H  t o  f o r m  t h e  l i q u i d  
S F
5
C F H C F 2 B r  f r o m  w h i c h  S F 5 C F = C F
2  
i s  p r o d u c e d ,  a  w h i t e  w a x y  s o l i d  w a s  
f o r m e d  i n s i d e  t h e  v e s s e l .  T h i s  o c c u r r e d  w h e n  0 . 1  m o l e s  C F
2
= C F H  a n d  
9 . 3  x  1 0 -
2  
m o l e s  S F
5
B r  w e r e  h e a t e d  t o g e t h e r  i n  a  H o k e  2 0 0  m l  s t a i n l e s s  
s t e e l  v e s s e l  a t  9 0 °  f o r  f o u r  d a y s ;  t o  t h i s  m i x t u r e  6 . 4  x  1 0 -
2  
m o l e s  
o f  C F
2
= C F H  w e r e  a d d e d  a n d  a f t e r  t w o  d a y s  a t  r o o m  t e m p e r a t u r e  a n  a d d i -
t i o n a l  5 . 2  x  1 0 -
2  
m o l e s  o f  S F 5 B r  w e r e  a d d e d .  T h i s  f i n a l  m i x t u r e  w a s  
h e a t e d  a t  9 0 °  f o r  t h r e e  d a y s .  S e v e n  g r a m s  o f  t h e  c r u d e  l i q u i d  a d d u c t  
w a s  t r a n s f e r r e d  o u t  o f  t h e  v e s s e l  l e a v i n g  b e h i n d  9  g r a m s  o f  a  w h i t e  
s o l i d  p o l y m e r .  
T h e  w h i t e  w a x y  m a t e r i a l  i s  i n s o l u b l e  i n  w a t e r  b u t  d i s s o l v e s  i n  
a c e t o n e  a n d  h a s  a  b r o a d  m e l t i n g  r a n g e ,  f r o m  1 3 0 °  t o  1 6 0 ° .  I n  t h i s  r a n g e  
t h e  p r o d u c t  b e c o m e s  m o r e  a n d  m o r e  l i q u i d - l i k e ,  w i t h o u t  e x h i b i t i n g  a  
s h a r p  c h a r a c t e r i s t i c  m e l t i n g  p o i n t .  A n  i n f r a r e d  s p e c t r u m  w a s  t a k e n  a n d  
s h o w e d  t h e  p r e : e n c e  o f  c h a r a c t e r i s t i c  b a n d s  i~ ~he C - F .  r e g i o n  a n d  S~F 
r e g i o n .  F i g u r e  9  c o n t a i n s  t h e  i n f r a r e d  s p e c t r a  f o r  t h i s  m a t e r i a l .  
A n  e l e m e n t a l  s a m p l e  a n a l y s i s  o f  t h e  w h i t e  w a x y  s o l i d  g a v e  t h e  
f o l l o w i n g :  C ( 2 7  . 3 4 % ) ,  H ( l . 1 9 % ) ,  S  ( 1 .  4 4 % ) ,  F ( 6 8 .  2 % ) ,  B r ( 2 . 0 l % ) .  
I t  i s  o b v i o u s  t h a t  t h e  S F 5 B r  w a s  i n c o r p o r a t e d  i n t o  t h e  p o l y m e r  
a n d  w a s  p r o b a b l y  r e s p o n s i b l e  f o r  t h e  p o l y m e r i z a t i o n  o f  C F
2
= C F H .  
T h e  p o l y m e r i z a t i o n  o f  C F 2 = C F 2  b y  S F 5 B r  i s  p o o r l y  u n d e r s t o o d  
p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n s  t e a t  f a v o r  
i t s  f o r m a t i o n .  F u r t h e r  s t u d i e s  o f  t h e  p r e p a r a t i o n  a n d  p r o p e r t i e s  o f  
t h i s  p o l y m e r  a r e  i n  o r d e r .  
3 5  
D i s c u s s i o n  
T a b l e  X I V  c o n t a i n s  a  s u m m a r y  o f  a l l  o l e f i n  s y s t e m s  i n  w h i c h  
a t t e m p t s  h a v e  b e e n  m a d e  t o  a d d  S F
5
B r  w i t h  t h e r m a l  e x i c t a t i o n .  
P a r t  A  o f  T a b l e  X I V  c l e a r l y  d e m o n s t r a t e s  t h a t  a n y  o l e f i n  c o n t a i n -
i n g  a  C H
2  
g r o u p  w i l l  a d d  s F
5
B r  u n d e r  n o r m a l l y  m i l d  t h e r m a l  condition~. 
T h e  S F
5  
g r o u p  i n  a l l  c a s e s  a d d s  t o  t h e  C H
2  
p o r t i o n  o f  t h e  d o u b l e  b o n d ;  
l a r g e  b u l k y  g r o u p s  { S F
5
,  S i { C H 3 ) J l  a t t a c h e d  t o  t h e  o t h e r  c a r b o n  o f  t h e  
d o u b l e  b o n d  d o  n o t  a p p e a r  t o  a l t e r  o r  p r e v e n t  t h i s  a d d i t i o n .  
P a r t  B  o f  T a b l e  X I V  i n d i c a t e s  t h a t  S F 5  a d d i t i o n  t o  o l e f i n s  a t  a  
C H F  g r o u p  i s  p r e v e n t e d  w h e n  t h e  g r o u p s  a t t a c h e d  t o  t h e  o t h e r  c a r b o n  o f  
t h e  d o u b l e  b o n d  c o n t a i n s  a  S~5 g r o u p .  I n  p a r t  C ,  S F
5  
a d d i t i o n  a t  t h e  
C F 2  g r o u p  i s  p r e v e n t e d  w h e n  b u l k y  g r o u p s  a r e  a t t a c h e d  t o  t h e  o t h e r  c a r b o n  
o f  t h e  d o u b l e  b o n d .  P a r t  D  c l e a r l y  d e m o n s t r a t e s  t h e  s t e r i c  e f f e c t s  
o p p o s i n g  S F 5  a d d i t i o n .  I n  r e p l a c i n g  f l u o r i n e  w i t h  c h l o r i n e  ( C H F  =  C F C l  
a n d  C H C l  =  C F C l )  e n o u g h  s t e r i c  r e p u l s i o n  i s  p r e s e n t  t o  p r e v e n t  S F 5  
a d d i t i o n .  
T o  a  f i r s t  o r d e r  a p p r o x i m a t i o n  i t  s e e m s  p o s s i b l e  t o  c o n c l u d e  
t h a t  s t e r i c  f a c t o r s  a r e  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  f a t e  o f  S F 5 B r  
a d d i t i o n  t o  f l u o r o o l e f i n s .  T h i s  e f f e c t  i s  a l s o  p r e s e n t  i n  
C F 3 ( S F 5 ) C F C F ( S F 5 ) C F 3  w h i c h  i s  u n s t a b l e  a t  e l e v a t e d  t e m p e r a t u r e s  
( g r e a t e r  t h a n  5 0 ° f  : · a n d  d e c o m p o s e s  t o  C F
3





T A B L E  X I V  
O L E F I N I C  S Y S T E M S  - A D D I T I O N  O F  S F
5
B r  
O l e f i n  
A .  C H
2  




=  C H F  
C H
2  
=  C F 2  
C H
2  
=  C F C l  
C H
2  
=  C ( C F 3 ) H  
C H
2  





=  C H f f i i ( C H 3 ) y  
C H 2  =  C H ( S i C l 3 )  
B .  C H F  =  C F
2  
C H F  =  C H C l  
C H F  =  C F C l .  
C H F  =  C F ( S F 5 )  
C H F  =  C H ( S F
5
)  
C .  C F
2  
=  .C F C l  
C F
2  
=  C H C l  
C F
2  
= _C F ( C O F )  
C F 2  =  C H ( S F 5 )  
C F
2  
=  C F ( S F 5 )  
D .  C H C l  =  C F C l  
C H B r  =  C H S F 5  







B r  
S F
5







B r  
S F f H
2





C H ( C F
3
) B r  
S F
5





C H . { S i ( C H 3 ) ; / B r *  
S F 5 C H 2 C H ( S i C l 3 ) B r  
S F
5
C H F C F
2
B r  
S F f H F C H C l B r  
S F 5 C H F C F C l B r  
N o n e  
N o n e  
S F
5
C F 2 C F C l B r *  
S F 5 C F
2
C H C 1 B r  
N o n e  
N o n e  
N o n e  
S m a l l  A m o u n t  
N o n e  
C o n d i t i o n s  
N o t  A v a i l a b l e  
R . T . ,  2 4  h r s .  
R . T . ,  2 4  h r s .  
R . T . ,  2 4 . h r s .  
R . T . ,  1 8  d a y s  
7 0 ° ,  8  h r s .  
2 5 ° ,  1  h r  
0 ° ,  3  h r s .  
R . T . ,  2 4  h r s .  
8 0 ° ,  4 .  5  d a y s  
8 0 ° ,  5  d a y s  
* *  
* *  
R . T . ,  2 4  h r s .  
1 0 0  ° ,  1 4  d a y s  
8 0 ° ,  6  d a y s  
* *  
* *  
1 2 5 ° ,  5  d a y s  
* *  
*  S t r u c t u r e  n o t  p r o v e n  c o n c l u s i v e l y .  
* *  R a n g e  o f  c o n d i t i o n s  ( T  =  1 2 0 - 1 8 0 ° ;  t i m e s  1 8  h r s - 7  d a y s ;  S F 5 B r :  
o l e f i n  r a t i o s  o f  2 : 1  +  1 : 2 )  
3 6  
C H A P T E R  I V  
D E R I V A T I V E S  O F  T R I F L U O R O V I N Y L S U L F U R  P E N T A F L U O R I D E  ( S F 5 C F = C F 2 )  
I .  I n t r o d u c t i o n  
R o b e r t s  e t  a l .  ( 1 1 )  r e p o r t e d  t h e  p r e p a r a t i o n  o f  S F 5 C F = C F 2  v i a ·  
t h e  d e h y d r o h a l o g e n a t i o n  o f  S F 5 C F H C F 2 C l .  T h e  o l e f i n  i s  a  c l e a r  c o l o r -
l e s s  l i q u i d  w i t h  a  b o i l i n g  p o i n t  o f  1 9 °  a n d  a  n o r r . i a l  T r o u t o n  c o n s t a n t  
o f  2 0 . 5  
S F 5 C F = C F 2  i s  a n  i m p o r t a n t  r e a g e n t  f o r  p r e p a r i n g  u s e f u l  S F
5  
c a r b o n  c o m p o u n d s .  S o m e  o f  t h e - r e a c t i o n s  t h a t  h a v e  b e e n  r e p o r t e d  a r e  
( 1 1 , 1 6  , 2 1 - 2 3 ) :  
S F 5 C F = C F
2  
S F 5 C F = C F 2  
S F
5
C F = C F 2  
S F
5
C F = C F 2  
S F 5 C F = C F 2  
+  
C l 2  
u . v . : >  




C O C F 3  
u . v . : : .  
S F 5 b  - ~F 
f  I  
C F 3 C  - 0  
I  
C F 3  
+  
( I F )  
) o  
S F
5




o r  o
2  
. . , . .  
S F 5 0 C F 2 C O F  
+  A g F  
C H
3




C ( A g ) F C F 3  
( 2 1 )  
( 2 2 )  
( 2 3 )  
( 2 4 )  
( 2 5 )  
B a s e d  o n  t h e  c h e m i s t r y  o f  S F
5
C F = C F 2  a n d  t h e  w o r k  r e p o r t e d  b y  
F a w c e t t  a n d  c o w o r k e r s  ( 2 4 )  w h e r e  t h e y  f o l i n d  t h a t  c a r b o n y l  f l u o r i d e  
( C O F
2
)  i n  t h e  p r e s e n c e  o f  C s F  a n d  C H 3 C N  w i l l  a d d  t o  d o u b l e  b o n d s  o f  
f l u o r o o l e f i n s  t h e  f o l l o w i n g  r e a c t i o n  w a s  e l u c i d a t e d :  
S F
5
C F = C F 2  +  C O f . 2  
C s F  
C H 3 C N  
F  0  
SF5-C-~F 
t F  
3  
D u e  t o  t h e  d i f f i c u l t y  o f  s e p a r a t i n g  s F
5
C F f C F 3 ) C O F  f r o m  t h e  r e a c t i o n  
( 2 6 )  
m i x t u r e ,  t h e  f o l l o w i n g  r e a c t i o n  o f  S F 5 C F ( C F 3 ) C O F  w i t h  N H 3  w a s  a l s o  
e l u c i d a t e d :  
F  0  
I  I I  
S F 5 C - C - F  
I  
C F 3  
+  
2 N H 3  ~ 
I I .  R e a c t i o n  o f  S F 5 C F = C F
2  
a n d  C O F
2  
1 .  E x p e r i m e n t a l  a n d  D i s c u s s i o n  
F  0  
I  I I  
S F
5





C F 3  
S F
5
C F = C F 2  ( 3 . 7 5  x  1 0 -
2  
m o l e s )  a n d  C O F
2  
( 5 . 4  x  1 0 -
2  
m o l e s )  
w e r e  c o n d e n s e d  i n t o  a  7 5  m l  s t a i n l e s s  s t e e l  v e s s e l  c o n t a i n i n g  J O  m l  
3 8  
( 2 7 )  
C H 3 C N  a n d  1 0  g r a m s  o f  C s F .  T h e  C H 3 C N  w a s  d r i e d  o v e r  P 4 0
1 0  
a n d  d i s t i l l e d  
d i r e c t l y  i n t o  t h e  r e a c t i o n  v e s s e l .  C s F  w a s  d r i e d  u n d e r  v a c u u m  a t  1 0 0 °  
f o r  5  h r s .  T h e  r e a c t a n t  m a t e r i a l s  w e r e  h e a t e d  a t  5 0 °  f o r  2  h r s . ,  7 5 °  
f o r  2  h r s . ,  a n d  1 0 0 °  f o r  5  h r s .  T h e  p r o d u c t s  w e r e  a  c o l o r l e s s  v o l a t i l e  
l i q u i d  m i x t u r e  t h a t  c o u l d  n o t  b e  s e p a r a t e d  b y  d i s t i l l a t i o n  b e c a u s e  t h e  
p r o d u c t  S F 5 C F ( C F
3
) C O F  b o i l s  c l o s e  t o  r o o m  t e m p e r a t u r e  a n d  a p p e a r e d  t o  
a z e o t r o p e  w i t h  t h e  e x c e s s  C O F 2 .  P u r i f i c a t i o n  w a s  a c h i e v e d  b y  a  t r a p  
t o  t r a p  t r a n s f e r  a t  - 1 2 0 ° ,  - 7 8 ° ,  a n d  - 5 0 ° .  T h e  - 5 0 °  t r a p  c o n t a i n e d  
e s s e n t i a l l y  p u r e  S F
5
C F ( C F 3 ) C O F  a s  d e t e r m i n e d  b y  t h e  a b s e n c e  o f  i n f r a r e d  
a b s o r p t i o n  b a n d s  a t t r i b u t a b l e  t o  C O F
2
•  
T h e  a n a l y s i s  o f  t h i s  p u r e  f r a c t i o n  v i a  i t s  m o l e c u l a r  w e i g h t ,  
i t s  e l e m e n t a l  a n a l y s i s ,  i t s  c h a r a c t e r i s t i c  i n f r a r e d  a n d  m a s s  s p e c t r a  
( T a b l e s  X V  a n d  X V I )  i s  s u p p o r t i v e  o f  i t s  s t r u c t u r e .  S e e  F i g u r e  1 0  
·  f o r  a c t u a l  i n f r a r e d  s p e c t r u m .  
T h e  m o l e c u l a r  w e i g h t  o f  t h e  p r o d u c t  w a s  f o u n d  t o  b e  2 6 9  g  p e r  
m o l e  ( t h e o r .  2 7 4  g / m o l e ) .  T h e  e l e m e n t a l  a n a l y s i s  w a s  a s  f o l l o w s :  
F o u n d :  C ( l . 4 . 5 3 % ) ,  S ( 9 . J 5 % ) ,  F ( ? 0 . 9 % ) .  T h e o r e t i c a l :  C ( l 3 . 1 % ) ,  
S ( l l . 7 % ) ,  F ( 6 9 . 3 % ) .  D u e  t o  t h e  p o s s i b l e  c o n t a m i n a t i o n  b y  a  s m a l l  
a m o u n t  o f  C O F 2 ,  t h e  a b o v e  v a l u e s  a r e  w i t h i n  a c c e p t a b l e  l i m i t s .  
T h e  i n f r a r e d  s p e c t r u m  o f  S F 5 C F ( C F
3
) C O F  i s  l i s t e d  i n  T a b l e  X V  .•  
3 9  
B y  a n a l 9 g y '  w i t h  n u m e r o u s  s p e c t r a  o f  a c i d  f l u o r i d e s ,  t h e  a b s o r p t i o n  a t  




C O F  t h i s  absorpti~n b a n d  
w a s  f o u n d  a t  1 8 9 8  c m - 1 .  T h e  a b s o r p t i o n  b a n d s  a t  8 4 5  a n d  8 9 0  c m - 1  
a r e  d u e  t o  t h e  S - F  s t r e t c h i n g  v i b r a t i o n s  w h i l e  t h e  b a n d  a t  6 0 0  c m - 1  
i s  d u e  t o  t h e  S - F  d e f o r m a t i o n  m o d e .  T h e  C - F  s t r e t c h i n g  m o d e s  a r e  f o u n d  
i n  t h e  1 2 0 0  t o  1 3 0 0  c m - 1  r e g i o n .  
T h e  m a j o r  m a s s  s p e c t r u m  p e a k s  f o r  S F 5 C F ( C F 3 ) C O F  a r e  l i s t e d  i n  
T a b l e  X V I .  S t r o n g  p e a k s - o f  1 0 0 %  i n t e n s i t y  w e r e  f o u n d  f o r  t h e  C F 3 + ,  
C O F 3 + ,  S F
3
+ ,  S F
5
+ ,  a n d  C 2 F 5 +  i o n  g r o u p s .  T h e  f r a g m e n t a t i o n  p a t t e r n  
i s  s u p p o r t i v e  f o r  t h e  p r o p o s e d  s t r u c t u r e .  
I I I  • .  R e a c t i o n  o f  S F
5
C F ( C F
3
) C O F  w i t h  N H
3  
I n  a n  a t t e m p t  t o  s e p a r a t e  S F 5 C F ( C F 3 ) C O F  f r o m  t h e  o t h e r  r e a c t i o n  
p r o d u c t s , i t s  r e a c t i o n  w i t h  a m m o n i a  w a s  s t u d i e d .  I t  i s  a n t i c i p a t e d  
t h a t  t h e  S F 5 C F ( C F 3 ) C O N H
2  
f o r m e d  i n  t h i s  r e a c t i o n  c o u l d  b e  u s e d  t o  
r e f o r m  t h e  a c i d  f l u o r i d e  i n  s u b s e q u e n t  r e a c t i o n s .  
1 .  E x p e r i m e n t a l  a n d  D i s c u s s i o n  
I m p u r e  S F
5
C F ( C F 3 ) C O F  (  1 . 1 3  x  i o - 2  m o l e s )  a n d  N H
3  
( 2 . 9  x  1 0 -
2  
m o l e s )  w e r e  c o n d e n s e d  i n t o  a  ·  7 5  m l  s t a i n l e s s  s t e e l  v e s s e l .  A f t e r  
s t a n d i n g  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e  t h e  v o l a t i l e  m a t e r i a l s  w e r e  
p u m p e d  a w a y  i n t o  a  t r a p  c o o l e d  t o  - 1 9 6 ° .  I n  a  d r y  b o x  t h e  s o l i d  
m i x t u r e  o f  S F f F ( C F 3 ) C O N H
2  
a n d  N H
4
F  w e r e  t r a n s f e r r e d  t o  a  s a m p l e  
b o t t l e  ( w e i g h t  o f  p r o d u c t s  t r a n s f e r r e d  w a s  1 . 2  g r a m s ) .  
I t  w a s  f o u n d  t h a t  t h e  a r . i i d e  i s  s o l u b l e  i n  c c 1
4
,  a n d  t h e  N H
4
F  
4 0  
w a s  e a s i l y  r e m o v e d  f r o m  t h e  p r o d u c t  m i x t u r e  b y  d i s s o l v i n g  t h e  a m i d e  i n  
C C l 4  a n d  f i l t e r i n g  a w a y  t h e  i n s o l u b l e  N H
4
F .  R e m o v a l  o f  t h e  C C l 4  s o l v e n t  ·  
l e f t  a  w h i t e  s o l i d  p r o d u c t  ( 0 . 5  g r a m s ) .  T h e  w h i t e  s o l i d  p r o d u c t  h a s  a  
m e l t i n g  p o i n t  o f  3 2 - 3 4  ° .  
T h e  a n a l y s i s  o f  t h e  w h i t e  s o l i d  v i a  i t s  e l e m e n t a l  a n a l y s i s  a n d  
i t s  c h a r a c t e r i s t i c  i n f r a r e d  s p e c t r u m  i s  s u p p o r t i v e  o f  t h e  p r o p o s e d  
s t r u c t u r e ,  S F
5
C F ( C F 3 ) C O N H
2
.  T h e  e l e m e n t a l  a n a l y s i s  w a s  a s  f o l l o w s :  
F o u n d :  C ( l 4 . 6 5 ,  1 4 . 8 5 ) ,  H ( 0 . 6 5 ,  0 . 8 4 ) ,  S ( l 0 . 5 1 ,  9 . 3 4 ) ,  N ( 5 . 4 ) ,  
F ( 6 3 . 6 ) .  T h e o r e t i c a l :  C ( l 3 . 3 ) ,  H ( 0 . 7 4 ) ,  S ( l l . B ) ,  N ( 5 . 1 7 ) ,  F ( 6 3 . l ) .  
T h e  i n f r a r e d  s p e c t r u m  o f  S F
5
C F ( C F
3
) C O N H
2  
i s  l i s t e d  i n  T a b l e  X V I I .  
T h e  d i s a p p e a r a n c e  o f  t h e  [C(O)~ a b s o r p t i o n  a t  1 8 8 0  c m - l  a n d  t h e  
a p p e a r a n c e  o f  a  n e w  a b s o r p t i o n  a t  1 7 4 0  c m - l  { C ( O ) N H i J  a n d  n e w  a b s o r p -
t i o n s  3 2 0 0  c m - l  a n d  3 4 2 0  c m - 1  { " N - H  s t r e t c h  i n  C ( O ) N H ? l  a s  w e l l  a s  
r e t e n t i o n  o f  t h e  S F
5  
a n d  C - F  a b s o r p t i o n s  i n d i c a t e  t h a t  t h e  a m i d e  w a s  
f o r m e d .  T h e  a b s o r p t i o n  p e a k  a t  1 0 1 0  c m -
1  
i s  a s s i g n e d  t o  t h e  C - N  
s t r e t c h .  T h e  a c t u a l  s p e c t r u m  i s  s h o w n  i n  F i g u r e  1 1 .  
V .  C o n c l u s i o n s  
T h e  w o r k  r e p o r t e d  i n  t h i s  s e c t i o n  c l e a r l y  e s t a b l i s h e s  t h e  
e x i s t e n c e  o f  t w o  n e w  c o m p o u n d s  - S F
5
C F ( C F 3 ) C O F  a n d  S F
5
C F ( C F
3
) C O N H
2
•  
H o w e v e r ,  m o r e  w o r k  i s  n e e d e d  t o  i n c r e a s e  t h e  y i e l d  o f  t h e  a c i d  f l u o r i d e  
a s  w e l l  a s  t h e  a m i d e ,  a n d  m o r e  w o r k  i s  n e e d e d  t o  e x p a n d  t h e  c h e m i s t r y  
o f  t h e s e  t w o  n e w  c o m p o u n d s .  
4 1  
T A B L E  X V  
I N F R A R E D  S P E C T R U M  O F  S F
5
C F ( C F 3 ) C O F  ( G A S )  
c m -
1  
I n t e n s i t y  
1 8 8 0  
s  
1 2 4 0 . >  
v s  w i t h  s h .  a t  
1 9 1 0  &  1 1 8 0  c m - 1  
1 1 4 5  
s  
9 7 5  
m  w i t h  s h .  a t  _
1  
1 0 0 0  &  1 0 2 0  c m  
8 9 0  
s  
8 4 5  
s  
7 5 0  
w  
6 9 5  
w - m  
6 4 0  v w  
6 0 0  
m  
5 7 0  w  
4 2  
T A B L E  X V I  
Y i . A S S  S P E C T R U M IO F  S F
5
C F ( C F J ) C O F  
M / e  
R e l .  I n t .  
~ 
2 8  
9 . 3 8  
c o +  
3 1  2 7 . 0 8  
C F +  
3 2  
2 . 0 8  
s +  
3 8  
2 . 0 8  
F +  
3 9  
3 . 1 2  
?  
4 0  
8 . 3 3  
c  o +  
2  
4 1  1 6 . 6 7  
?  
4 7  
1 9 . 7 9  
C F O +  
5 0  8 . 3 3  
C F  +  
2  
5 1  
7 . 2 9  
S F +  
6 2  
· 1 . 5 6  
+  
C 2 F 2  
6 3  5 . 2 1  
S F C +  
6 9  
1 0 0  
C F  +  
3  
7 0  
2 0 . 8 3  
S F  +  
2  
8 1  
5 . 2 1  
C 2 F 3  
+  
8 5  
1 0 0  
C O F  +  
3  
8 6  
5 . 2 1  
S F  o +  
2  
8 7  
3 . 1 2  
C  F s +  
3  
8 9  
1 0 0  
5 3 2 F  +  
3  
9 0  
2 . 0 8  
s 3 3 F
3
+  
9 1  8 . 3 3  
S F C C O +  5 3 4 F  +  
'  3  
9 3  
5 . 2 1  
C 3 F 3  
+  
4 3  
T A B L E  X V I  
( C o n t . )  
M / e  
R e l _ .  I n t .  
~ 
1 0 0  
1 7 . 7 1  
C 2 F 4  
+  
1 0 1  
7 . 2 9  
S F  C +  
3  
1 0 4  
J . 1 2  
?  
1 0 8  
J . 1 2  
S F  +  
4  
1 1 3  






1 1 9  
1 0 0  
C 2 F 5  
+  
1 2 0  
2 . 0 8  
S F 4 C +  
1 2 7  
1 0 0  
5 3 2 F  +  
5  
1 2 8  
J . 1 2  C F C O C F  +  s
3
3 F  +  
3  ,  5  
1 2 9  
9 . J B  
5 3 4 F 5 +  
1 3 1  
· 1 4 . 5 3  
C 3 F 5  
+  
1 4 7  
J . 1 2  
?  
4 4  
T A B L E  X V I I  
I N F R A R E D  S P E C T R U M  O F  S F
5
C F ( C F
3
) C O N H
2  
( s o l i d )  
c m -
1  
S t r e n g t h  
3 4 2 0  
m  
3 3 2 0  
m  
3 2 4 0  
m  
. 3 2 0 0  
m  
1 7 4 0  
s  
1 6 0 0  
m  
1 3 6 0  w - m  
1 2 7 5  
m - s  
1 2 . 3 0  
s  
1 1 9 5  
s  
1 1 4 0  
m  
1 0 1 0  
m  
8 8 0  
V S  
8 4 0  
v s  
7 7 5  
V S  
7 5 0  
V S  
6 8 0  
w  
6 0 0  
m  
5 7 5  
w  
5 4 0  
v w  
C H A P T E R  V  
R A M A N  S P E C T R A  F O R  S F 5 B r  A D D U C T S  
R a m a n  s p e c t r a  f o r  t h e  t~ree n e w  S F 5 B r  a d d u c t s  d i s c u s s e d  i n  t h i s  
t h e s i s  ( s F
5




C H ( C F 3 ) B r ,  S F
5
C H F C H C 1 B r )  a n d  f o r  t h r e e  
o t h e r  a d d u c t s  fSF5CH=C(CF3)Br~ S F
5
C H = C ( C H 3 ) B r ,  a n d  SF
5
CF2CHCl~ p r e -
p a r e d  i n  o u r  l a b o r a t o r i e s  h a v e  b e e n  r e c o r d e d  b y  D r .  T h o m a s  L o e h r  o f  
t h e  O r e g o n  G r a d u a t e  C e n t e r .  T h e  R a m a n  s p e c t r a  w e r e  o b t a i n e d  b y  
D r .  L o e h r  o n  a  J a r r e l l - A s h  2 5 - 3 0 0  s p e c t r o m e t e r  u s i n g  a  r a d i a t i o n  o f  
0  
5 1 4 5  A  A r g o n  l a s e r  f o r  e x c i t a t i o n ;  9 0 °  v i e w i n g  w a s  u s e d .  T h e  R a m a n  
r a d i a t i o n  w a s  d e t e c t e d  b y  a  S - 2 0  p h o t o t u b e  w h i c h  w a s  t h e r m o - e l e c t r i c a l l y  
c o o l e d .  T h e  p h o t o n  c o u n t i n g  m o d e  w a s  u s e d .  S a m p l e s  ( l i q u i d s )  w e r e  
c o n t a i n e d  i n  a  s e a l e d  0 . 2 5 "  I . D .  f y r e x - g l a s s  t u b e .  
F i g u r e s  1 2 - 1 7  c o n t a i n  t h e  R a m a n  s p e c t r a  a s  r e c o r d e d  f o r  t h e  a b o v e  
c o m p o u n d s .  T h e  a b b r e v i a t i o n s  S R  a n d  S L  f o u n d  i n  e a c h  F i g u r e  r e f e r  t o  
t h e  s c a n  r a t e  ( c m - 1  p e r  s e c . )  a n d  s l i t  w i d t h  ( c m - 1 ) ,  r e s p e c t i v e l y ,  f o r  
e a c h  r u n .  I n  T a b l e s  X V I I I - X X I I ,  t h e  R a m a n  b a n d s  a l o n g  w i t h  t h e i r  
r e s p e c t i v e .  r e l a t i v e  i n t e n s i t i e s  a r e  l i s t e d .  T h e  c o m p o u n d ,  S F 5 C F
2
C H C 1 B r  
d e c o m p o s e d  s l o w l y . d u r i n g  t h i s  s t u d y  a n d  a s  a  r e s u l t  o n l y  a  f e w  R a m a n  
b a n d s  w e r e  o b t a i n e d .  
F o r  S F 5 B r  a d d u c t s  c o n t a i n g  C - H  b o n d s ,  t h e  R a m a n  s p e c t r a  c o n t a i n e d  
b a n d s  i n  t h e  3 0 0 0  c m - 1  r a n g e .  F o r  S F 5 C H F C H C l B r ,  t h e  3 0 1 2  a n d  2 9 7 8  c m - 1  
b a n d s  a r e  a s s i g n e d  t o  t h e  C - H  s t r e t c h i n g  v i b r a t i o n  o f  t h e  - C H C l _g r o u p  
a n d  t h e  - C H S F 5  g r o u p ,  r e s p e c t i v e l y .  T h i s  i s  b a s e d  o n  t h e  o b s e r v a t i o n  
t h a t  i n  S F
5
C H F C F C 1 B r  t h e  o n l y  C - H  s t r e t c h i n g  f r e q u e n c y  w a s  f o u n d  a t  
2 9 7 8  c m - 1 .  :  F u r t h e r m o r e , i t  s e e m s  r e a s o n a b l e  t o  a s s i g n  t h e  C - H  
4 6  
s t r e t c h i n g  f r e q u e n c y  o f  t h e  - C H ( C F 3 ) B r  g r o u p  i n  S F j C H 2 C H ( C F 3 ) B r  t o  t h e  
b a n d  l o c a t e d  a t  3 0 1 6  c m - 1  b y  a n a l o g y  t o  t h e  s i m i l a r  g r o u p ,  - C H C l B r  i n  
S F 5 C H F C H C l B r  w h e r e  t h e  C - H  s t r e t c h i n g  f r e q u e n c y  i s  l o c a t e d  a t  3 0 1 2  c m -
1
•  




C H ( C F
3
) B r  t h e  b a n d  a t  2 9 7 6  c m -
1  
i s  a t t r i b u t a b l e  t o  C - H  s t r e t c h  
o f  t h e  C H 2  g r o u p .  
F o r  t h e  i s o m e r i c  m i x t u r e ,  s F
5
C H = C ( C F 3 ) B r ,  t h e  o b s e r v e d  b a n d s  a t  
3 0 9 1  a n d  3 0 4 7  c m -
1  
a r e  a t t r i b u t a b l e  t o  t h e  C - H  s t r e t c h i n g  f r e q u e n c i e s  
f o r  t h e  e n t e g e g e n  a n d  z u s a m m e n  i s o m e r s .  I n  S F 5 C H = C ( C H 3 ) B r ,  t h e .  b a n d  a t  
3 0 9 7  c m - 1  i s  m o s t  l i k e l y  d u e  t o  t h e  C - H  s t r e t c h  o f  t h e  S F 5 C H =  g r o u p ;  
t h i s  b y  a n a l o g y  t o  t h e  C - H  b a n d  i n  S F 5 C H = C ( C F
3
) B r .  T h e  b a n d  a t  2 9 3 7  c m -
1  
i n  S F
5
C H = C ( C H 3 ) B r  i s  a s s i g n e d  t o  t h e  C - H  s t r e t c h  f r e q u e n c y  o f  t h e  C H 3  
g r o u p .  
F o r  t h e  S F 5  a d d u c t s  t h e  s t r e t c h i n g  f r e q u e n c i e s  i n  1 6 0 0 - 1 7 0 0  c m -
1  
r a n g e  a r e  a s s i g n e d  t o  t h e  C = C  s t r e t c h i n g  f r e q u e n c i e s  • .  F o r  SF
5
CH=C(CH3~Br, 
t h i s  b a n d  i s  f o u n d  a t  1 6 4 3  c m - 1  w h i l e  f o r  t h e  i s o m e r i c  m i x t u r e  o f  
S F
5
C H = C ( C F
3
) B r  t h e  b a n d s  a r e  l o c a t e d  a t  1 6 8 7  a n d  1 6 3 6  c m - 1 .  
C a r b o n - f l u o r i n e  s t r e t c h i n g  v i b r a t i o n s  h a v e  b e e n  e s t a b l i s h e d  t o  
b e  i n  t h e  1 4 0 0 - 1 0 0 0  c m -
1  
r a n g e  ( 2 5 )  a n d  a r e  s t r o n g  i n  t h e  i n f r a r e d  b u t  
w e a k  i n  t h e  R a m a n .  D u e  t o  C - F  v i b r a t i o n a l  c o u p l i n g  w i t h  C - C  s t r e t c h i n g  
f r e q u e n c i e s  ( 2 6 ) ,  s o m e  d i f f i c u l t i e s  a r e  e n c o u n t e r e d  i n  a s s i g n i n g  v a r i o u s  
C - F  s t r e t c h i n g  m o d e s .  M o s t  o f  t h e  b a n d s  w e  s e e  i n  t h i s  r e g i o n ,  h o w e v e r ,  
a r e  p r o b a b l y  d u e  t o  C - F  s t r e t c h i n g  f r e q u e n c i e s .  T h e  f r e q u e n c y  r a n g e  
8 5 0 - 1 0 0 0  c m - l  i s  d e s i g n a t e d  a s  t h e  C - C  s t r e t c h i n g  r e g i o n  a l t h o u g h  a s s i g n -
m e n t  o f  t h i s  m o d e  h a s  n o t  b e e n  w e l l  e s t a b l i s h e d  ( 2 5 ) .  H o w e v e r ,  a s s i g n -
m e n t s  f o r  t h e  C - C  s t r e t c h  h a v e  b e e n  r e p o r t e d  f o r  f l u o r o c a r b o n s  ( 2 7 )  
a n d  f a l l  w i t h i n  t h i s  f r e q u e n c y  r a n g e .  S i n c e  s o m e  o f  t h e  m o l e c u l e s  
4 7  
p r e s e n t e d  i n  t h i s  t h e s i s  c o n t a i n  a  R a m a n  b a n d  i n  t h i s  r e g i o n  a n d  s o m e  
d o  n o t ,  i t  i s  d i f f i c u l t  t o  m a k e  a n y  d e f i n i t e  a s § i g n m e n t .  
O n e  o f  t h e  s t r o n g e s t  R a m a n  b a n d s  i n  t h e  s p e c t r a  o f  C F
3  
c o n t a i n i n g  
c o m p o u n d s  ( 2 8 )  i s  a  C F
3  
d e f o r m a t i o n  m o d e  a t  a b o u t  7 5 0  c m - 1 .  I n  
S F 5 C H
2
C H ( C F 3 ) B r  a n d  S F 5 C H = C ( C F 3 ) B r ,  t h e  R a m a n  b a n d s  a t  7 2 7  a n d  7 6 9  o r  
7 1 9  c m - 1 ,  r e s p e c t i v e l y ,  c o u l d  b e  d u e  t o  t h e  C F 3  d e f o r m a t i o n  m o d e .  T h e  
C - S  s t r e t c h i n g  f r e q u e n c y  a s s i g n m e n t s  i n  ( C F 3 ) 2 s
2  
a r e  s y m .  4 4 6  c m - l  a n d  
a s y m .  4 5 0  c m -
1  
( 2 8 ) .  T h e  R a m a n  b a n d s  i n  t h i s  r e g i o n  a r e  p r e s e n t  i n  
s o m e  o f  o u r  S F
5  
a d d u c t s  b u t  a r e  s h i f t e d  t o  l o w e r  f r e q u e n c y  i n  o t h e r s .  
A  d e f i n i t e  a s s i g n m e n t  m u s t  w a i t  f u r t h e r  w o r k .  
I t  h a s  b e e n  n o t e d  t h a t  i n  t h e  i n f r a r e d  s p e c t r u m  o f  S F 5 B r ,  s t r o n g  
b a n d s  l o c a t e d  a t  8 4 9  a n d  8 9 4  c m - - i  w e r e  p r e s e n t  ~49 c m - 1  a s s i g n e d  t o  
. ( S - F ) ;  8 9 4  c m -
1  
a s s i g n e d  t o  a s y m  (SF4~. W i t h  t h e  S F 5  a d d u c t s ,  
i n t e n s e  i n f r a r e d  a b s o r p t i o n  b a n d s  a p p e a r  i n  8 5 0 - 9 2 0  c m - l  r e g i o n  d u e  t o  
S - F  s t r e t c h i n g  m o d e s .  I n  t h e  R a m a n  s p e c t r a  o f  o u r  S F 5  a d d u c t s ,  b a n d s  
a t t r i b u t a b l e  t o  t h e s e  S - F  s t r e t c h i n g  m o d e s  a r e  e i t h e r  a b s e n t  o r  e x t r e m e l y  
w e a k .  T h i s  i s  e x a c t l y  t h e  s a m e  b e h a v i o r  a s  n o t e d  f o r  S F
5
B r .  I n  S F 5 B r ,  
t h e  R a m a n  b a n d  a s s i g n e d  t o  t h e  s y m  ( S F 4 )  m o d e ,  l o c a t e d  a t  6 9 1  c m -
1
,  
i s  s t r o n g .  F o r  a l l  S F
5  
a d d u c t s ,  a  s t r o n g  R a m a n  b a n d  i s  l o c a t e d  i n  t h e  
r e g i o n  6 6 9 - 6 9 4  c m -
1  
a n d  p r o b a b l y  r e p r e s e n t s  t h e  s y m  ( S F 4 )  m o d e  i n  
t h e s e  m o l e c u l e s .  
A l l  o f  t h e s e  a d d u c t s  c o n t a i n  a  C - B r  b a n d  a n d  t h e  C - B r  s t r e t c h i n g  
f r e q u e n c y  i n  t h e  R a m a n  i s  u s u a l l y  s t r o n g .  F o r  C H
3
B r ,  t h e  R a m a n  b a n d  i s  
l o c a t e d  a t  6 0 9  c m -
1
•  F o r  a l l  t h e  S F
5  
a d d u c t s ,  a  R a m a n  b a n d  i s  l o c a t e d  
i n  t h e  5 9 5 - 6 1 2  c m - 1  r e g i o n  a n d  c o u l d  b e  a s s i g n e d  t o  t h e  C - B r  s t r e t c h i n g  
f r e q u e n c i e s .  H o w e v e r ,  i t  i s  a l s o  p o s s i b l e  t h a t  t h e  s t r o n g e r  R a m a n  b a n d s  
l o c a t e d  i n  6 2 D - 6 6 ?  c m - 1  r e g i o n  r e p r e s e n t  t h e  C - B r  s t r e t c h .  F u r t h e r  
s t u d i e s  a r e  n e e d e d  t o  s o l v e  t h i s  a s s i g n m e n t .  
4 8  
4 9  
T A B L E  X V I I I  
R A M A N  S P E C T R U M  F O R  S F 5 C H F C H C 1 B r  
c m -
1  
R e l .  I n t .  
c m - 1  
R e l .  I n t . a  
3 0 1 2  
9 4 . 6  
6 5 8  
5 . 4  
2 9 7 8  
8 8 . 5  
6 3 1  
5 5 . 0  
1 3 4 3  
1 2 . 8  
6 0 0  
2 8 . 7  
1 2 9 1  
2 2 . 7  
4 8 5  
3 . 9  
1 2 6 1  
1 4 . 9  
4 3 0  
3 3 . 7  
1 1 7 5  
1 2 . 6  
4 0 3  
2 8 . 7  
1 1 4 2  
9 . 5  
3 3 0  
5 4 . 2  
9 7 7  
2 5 . 9  
2 7 3  
4 4 . 8  
7 7 4  
7 4 . 0  
2 5 5  
1 0 0  
7 3 5  
1 1 . 3  
1 9 1  
4 7 . 3  
7 1 4  
9 7 . 8  
1 6 6  
9 5 . 7  
6 9 7  
8 . 4  
- 6 8  
1 1 . 2  
6 6 9  
6 4 . 9  
5 0  
T A B L E  X I X  




C H ( C F 3 ) B r .  
c m - 1  
R e l .  I n t .  
c m - 1  
Rel~ I n t .  
3 0 1 6  
7 5 . 8  
6 8 7  
3 2 . 9  
2 9 7 6  
1 0 0  
6 6 7  
7 6 . 6  
1 4 2 3  
1 6 . 4  
5 9 9  
2 2 . 7  
1 3 6 9  
3 . 3  
5 3 1  
1 9 . 0  
1 3 0 2  
4 . 5  
3 8 6 .  
1 8 . 5  
1 2 8 5  
1 4 . 5  
3 1 7  
6 4 . 9  
1 2 5 2  
1 . 8  
2 6 3  
4 7 . 9  
1 1 9 4  
1 8 . 5  
2 0 9  
8 9 . 8  
1 1 7 1  
3 . 5  
1 8 8  
2 8 . 9  
1 1 1 5  
1 1 . 7  
1 4 9  
3 .  5  
1 0 6 6  
l  
1 2 1  
3 8 . l  
7 2 7  
3 8 . 2  
5 1  
T A 8 L E  X X  
R A Y . t A N  S P E C T R U M  F O R  S F  
5
c F H C F C 1 B r  ·  
c m -
1  
R e l .  I n t .  
c m - l  
R e l .  I n t .  
2 9 7 8  
5 6 . 1  
6 4 8  
9 0 . 6  
1 3 3 3  
9 . 4  
6 1 2  
4 5 . 0  
1 2 7 4  
1 3 . 2  
5 4 1  6 8 . l  
1 2 8 2  
1 5 . 0  
4 3 5  .  
3 9 . 9 ·  
1 2 2 5  1 7 . 8  
3 0 6  
67~8 
1 1 5 3  8 . 1  
2 5 9  
7 3 . 7  
1 1 1 7  
1 0 . 7  
2 4 7  8 1 . 2  
1 0 6 5  
1 . 1  
2 2 7  
8 6 . 8  
9 7 1  
1 . 6  
1 8 8  
9 2 . 9  
8 0 7  
6 6 . o  
1 6 7  1 0 0  
7 8 2  
2 9 . 5  
1 2 3 "  
3 8 . 6  
'  
6 8 6  
8 1 . 2  
7 3  
. 5  
6 6 7  
3 1 . l  
5 2  
T A B L E  : X X I  
R A M A N  S P E C T R A  F O R  S F
5
C H = C ( C H
3




C H C 1 B r  






R e l .  I n t .  c m -
1  
R e l .  I n t .  
3 0 9 7  
5 1 . 5  
8 1 2  
4 4  
2 9 3 7  
1 0 0  
7 8 9 .  
4 2 . 4  
1 6 4 3  
2 4 . 8  
7 3 6  
6 2 . 7  
1 4 3 5  2 0 . 5  
6 7 7  8 8 . 1  
1 3 8 4  
2 2 . l  
6 6 2  
1 0 0  
1 2 9 7  
1 8 . J  
6 1 2  
7 6 . 3  
1 0 8 8  
1 2 . 9  
3 9 2  5 7 . 6  
7 3 8  
9 4 . 3  
3 6 6  
4 9 . 1  
6 8 4  
4 8 . 3  
2 7 1  
7 1 . .2  
6 2 0  
5 7 . 7  
2 4 3  
8 1 . 1  
5 9 5  
6 9 . 8  
1 6 7  
6 . 7  
4 9 9  
3 0 . 5  
4 8 1  
2 6 . 0  
4 2 2  
4 2 . 4  
3 3 5  
5 0 . 5  
2 8 8  
2 6 . 7  
1 9 2  
8 6 . 9  
1 3 7  
6 7 . 1  
8 9  6 . 3  
5 3  
T A B L E  X X I I  
R A M A N  S P E C T R U M  FOR ·SF5CH=C(~F3)Br* 
c m - 1  
R e l .  I n t .  
c m -
1  
R e l .  I n t .  
3 0 9 1  
6 3 . 9  6 4 9  
4 4 . 7  
3 0 4 7  
7 3 . 1  
6 0 9  
2 8 . 2  
1 6 8 7  
1 6 . 8  
5 3 5  
6 . 3  
1 6 3 6  
2 3 . 1  
5 0 8  
3 8 . 5  
1 3 3 9  1 3 . 8  
4 8 8  
4 9 . 5  
1 2 8 9  
1 3 . 3  
4 0 1  
2 . 5  
1 2 6 6  
1 5 . l  
3 5 6  
4 5 . 0  
1 2 2 7  
1 9 . 6  
3 3 7  
9 . 4  
1 1 9 9  
2 1 . J  
3 1 6  
6 . 1  
1 1 7 4  
2 2 . 9  
2 4 9  
8 2 . 5  
1 1 5 3  
2 4 . 9  
2 2 4  1 8 . 1  
1 0 7 0  
~.9 
1 9 6  
1 3 . 2  
8 9 1  
1 9 . 4  
1 7 6  
7 2 . 1  
7 6 9  
3 6 . 4  
1 5 9  
5 5 . 5  
7 1 9  
7 5 - . 2  
1 0 0  
7 9 . 1  
6 9 4  1 0 0  
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~ttl -~- ... , ·· ··-~-1-1-1-1 - .. 
~Jll . 
3500 3000 


























PLOT GAIN, -1 TO QUIT 
I 
714.98 601 . 
773 .39 4172 




9. 15 192 
252.65 600 
164.54 575 
273 . 4h- 380 
429.86 234 




1010 . 00 ·---··--1·--------A------~ ei.~.rao 614.00 
SF58R+CHF=CHCL, BP 127-128, 5145, 1 SCAN 
SR :J .0, SL:2.01 20-1020 CM-1, 25 AMP. 


















PLOT GAIN. -1 TO QUIT 
714 . 98 596 
774.38 451 
069. 44 395 




67 .12 4 
273. 335 
191. 2'1 288 
0 . 14 175 403 . 13 1 75 
7321 J.~ 99 51 . 





-- ·-- _ __.1.__. ····----.-'-------10 LO. 0121 812 .00 614.00 
SF58R+CHF=CHCL, BP 127-128, 5145, 1 SCAN 
SR 1 3.0, SL =2.0, 20~1020 CM-1, 25 AMP . 



















7 .. -, 
. '-· . 
PLOT GAIN1 -1 TO QUIT 
1290 .70 545 
1281 .12 365 
1342.72ll1~ 1175 .44 310 
--~~~~~~~~~~--''----~~~~~~~--,~--~~~--~~~~~-
2020 . 00 181G .00 1612.00 
SF58R+CHF=CHCL1 BP 127~1281 51451 4 SCANS 
SR =3.01 SL 1 2.0, 1000-2000 CM-11 25 AMP. 

















?2. PLOT GAIN, -1 TO QUIT 
3011 . 78 576 
2978 . 12 539 
J I 
~:::-::::-::-::--_..._ ___ ..i_ ______ J _____ _.__ __ __, 
3980.00 3584 .00 3188.00 
SF58R+CHF=CHCL, BP 127-128, 5145, 1 SCAN 
SR:J.0, SL:2.0, 2000-4000 CM-1, 25 AMP . 




! ..... i:: '1 (1) 1--' 
. 

































246. 71 49l, 
807.05 400 540.74 413 
258.59 44 
306. 11 411 
73.4b 3 
64 
2J3 22 .96 El4 
434.81 242 
'-----~------·---~-·-···-1-.. ~-- .. ·-··· ·--- [_ __ ·--··-·-J _J 
HJ 10 . 00 812.00 614 .00 
SF58R+CFCL=CFH, BP 110 . 5, 5145, 1 SC~N 
SR : :~. 0, SL' 2 . 0, 20-J.020 C:M-1, 25 AMP.: 










1 . 5 










2 --1·---··-··-··-;- I ·' I l _J n2rl ()Q ....... ~ ....... ... .............. ,_ . ........... ~ ..... _ t.:J l.:J • ' • ' • -·· ........ --.~- ---.· ·--··- ··--- • ·-····-
1816 .00 1612 . 00 . 14(!)8. 0() 1204.00 
SF58P+CFCL=CFH, BP 110 . 51 51.45, 4 SCAMS 











PLOT GAIN, -1 TO QUIT 
? 
2978.12 340 
:39812J . 00 3584.00 3188.00 
SF58R+CFCL=CHF, BP 110 .5 , 5145, 1 SCAN 




































9 736.00 400 
616 .00 309 
I I 
1100 .00 900.00 700.00 
SF58R+CF2=CHCL, 5145, 10 SCANS 
SR =2.0, SL:5.0, 100-1100 CM-1, 25 AMP. 
319.00 559 
331. 00 519 
372.00 474 
391.00 421 166.00 42 






















1100 .00 900.00 700.00 500.00 300.00 
SF5BR+CF2=CHCL, 51451 10 SCANS 




















7 . 03 
PLOT GAIN, -1 TO QUIT 
H 
I 
2000.00 1800.00 1600.00 1400.00 
SF58R+CF2;CHCL, BP 111.5-112. 5145, 10 ' SCANS 



































PLOT GAIN, -1 TO QUIT 
668 .45 453 
1(11f.) 00 812.00 614.0b l 
SF58P+CF3CH=CH2, BP 102 .5, 5145, 1 SCAt~ 
SR =l.0, SL :2.0, 20-1020 CM-1, 25 AMP i 
210.08 208 
317.00 153 












? PLOT GAIN, -1 TO QUIT 
6671.146 459 
197 
HHB.08 812.00 614.00 
SF58R+CF3CH=CH21 BP 102.51 5145, 1 SCAN 
SR:J.0, SL:2.01 20-1020 CM-11 25 AMP. 
209.09 538 
317.00 389 























?3. PLOT GAIN, -1 TO QUIT 
1193. 80 443 
1423.30 393 
1284 .58 34 
1115 .26 279 
7 1066.30 24 
1301 . 92 110 
1369 . 24 79 1171.~6 86 
1251. 94 44 
1816.00 
I 1 J 2020 . ~30 - -------- --- - - ---·-·····-L L _J 
1612 .00 : 1.40>3 . 00 
SF5BR+CF3CH=CH21 BP 102.51 5145, 4 SC~NS 
SR :J .0, SL : 2 .0, 1000-2000 CM-1; 25 AMP . 
















PLOT c-1:• r.n ·' -1 TO QUIT 
2976.1.4 599 
3015. -;-.m 454 
~1"lt\l\fllM~ ~ 
...__ ___ _l ___________ ..... ____ L__ __ ___ -~- I I I 
39f.l0 . 0(3 3584.00 3188 .00 
~;F58P+CF3CH=CH2, DP 102. 5, 1 SCAM, 5145 

































-:-;~~~----"'------L-- T . -·-L--.--,-----'---------1 101.0 . t:J0 812.00 614.00 
':W':iBR+CF3C=-CH, BP 93, 5145.. 1 SCA~·~ 
SR: '3 . 0, SL: 2 . 0, 20-1028 CM-1, 25 ~~MP. 















PLOT GnIN~ -1 lU QUIT 
694. 19 602 
718.9Jl 453 
488.27 298 
249. 68 49? 100 .191 476 
176.42 4"" 
1511.60 
"48. 65 269 355. 61 271 
769.43 508.07 232 
09.05 170 
891. 20 117 23.94 1 
753.59 23 ~34.80 38 _36.80. 57196 ·22 80 
1010.00 ___ - -~~..:2531r501 37 
812.00 614.00 416.00 218.00 
SF5BR+CF3C=-CH, BP 93, 5145, 1 SCAM 

















? ·~ l "-. 
PLOT GAIN, -1 . TO QUIT 
1636.48 555 
1687,481 .. 05 
1070.38 63 








2028 . (H1 L-···----.. -- .. -······· ...... .J ·- ·--· ·-- I H J - ....... --
l.612.00 1408.00 
SFt;BP+CF.3C=-CH, BP 93, 5145, 4 SCAMS· 
















·?2. PLOT GAIN, -1 TO QUIT 
·3~34 7 . 42 440 
3~390 . 98 385 
I I I 
];180.130 3584 .08 3188.00 
SF5BR+CF3c==-cH, BP 93, 5145, 1 SCAM 
































1010 . 00 
,·. : 






SF5BR+CH3C=-CH, BP 111 .5, 51451 1 SCAN 




· ea .31J37 
287.30 241 
335.81 184 















84.29 288' 334.82 301 
421.94 253 
499.16 182 
481.34 155 288.29 
192.26 518 
136.82 401 89.30 38 
I· I 
_L__ __j____ ~ 416.00 218.00 1010.00 812.00 614.0~ 
SF58R+CH3C=-CH, BP 111. 5, 5145, 1 SCAM 
















PLOT GAIN, -1 TO QUIT 





..._ _____ 1_ . .;. ___ : .... _____ ·· · -· ··-~1-........... . 
2020.00 1816.00 1612.00 
SF58R+CH3C=-CH, BP 111.5, 51451 4 SCANS 
SR •3.0, SL 1 2.0, 1000-2020 CM-1, 25 AMP. 
1087.72 307 

















'--~~--~---£---------------'~------~----'--·~~~~~---~----~__. 3980.00 3584.00 3188.00 
SF58R+CH::3C=-CH, BP 111. 5, 5145, 1 SCAH 




C H A P T E R  V I  
C O N C L U S I O N S  
I t  i s  k n o w n  t h a t  c a r b o n  c o m p o u n d s  c o n t a i n i n g  a  S F
5  
g r o u p  h a v e  
i n t e r e s t i n g  a n d  u s e f u l  p r o p e r t i e s .  T h e  c o m p o u n d s  S F 6 ,  S F
5
C F 3 ,  
S F
5
C F = C F 2  a n d  S F 5 - o x e t a n e s  h a v e  h i g h  d i e l e c t r i c  s t r e n g t h  a n d  o n e  o f  
t h e m ,  S F
6
,  i s  u s e d  t o d a y  i n  h i g h  v o l t a g e  t r a n s f o r m e r s .  
I n  g e n e r a l ,  
.  
t h e s e  c o m p o u n d s  h a v e  g o o d  t o  o u t s t a n d i n g  d i e l e c t r i c  p r o p e r t i e s ,  w h i c h  
t h e y  r e t a i n  t o  h i g h  f r e q u e n c i e s  a n d  a r e  u s e f u l  a s  d i e l e c t r i c  c o o l a n t s  
i n  e l e c t r o n i c  e q u i p m e n t .  O t h e r  c o m p o u n d s  s u c h  a s  S 2 F 1 0 '  S F 5 C F = C F 2  a n d  




)  i s  
t o x i c  t o  r a t s  w h i l e  S F 5 C F = C F
2  
a n d  S F
5
N = C F
2  
a r e  e f f e c t i v e  f u m i g a n t s .  
S u l f u r  h e x a f l u o r i d e  ( S F 6 )  S F 5 R f ,  S F
5
C 6 H 5 X  ( X  =  N H 2 ,  N 0
2
) ,  a n d  S F 5 -
o x e t a n e s  h a v e  u n u s u a l  c h e m i c a l  a n d  t h e r m a l  s t a b i l i t y .  T h e  s t a b i l i t y  
o f  t h e s e  S F 5  c o m p o u n d s  m a k e s  t h e m  u s e f u l  a s  s t a b l e  l i q u i d  m a t e r i a l s ,  
e . g .  f l u i d s  f o r  h i g h  t e m p e r a t u r e  p o w e r  t r a n s m i s s i o n s ,  h y d r a u l i c  s y s t e m s ,  
o r  l i q u i d - c o u p l e d  m e c h a n i c a l  d r i v e s .  S o m e  o f  t h e  S F 5  c o m p o u n d s ,  
p a r t i c u l a r l y  t h e  a r y l s u l f u r  p e n t a f l u o r i d e s ,  a r e  u s e f u l  a s  s o l v e n t s  f o r  
h i g h l y  f l u o r i n a t e d  p o l y m e r s  ( s o l u t i o n s  o f  T e f l o n  a n d  K e l - F  a r e  u s e f u l  
i n  m a k i n g  c e l l u l o s i c  c o m p o s i t i o n s  w a t e r p r o o f ) .  I t  i s  t h o u g h t  t h a t  
c o m p o u n d s  c o n t a i n i n g  a  S F 5  g r o u p  s h o u l d  h a v e  i n t e r e s t i n g  s u r f a c e  a c t i v e  
a n d  a n e s t h e t i c  p r o p e r t i e s ,  h o w e v e r ,  t h e s e  p r e d i c t i o n s  h a v e  n o t  b e e n  
v e r i f i e d .  T h e r e f o r e ,  b e c a u s e  o f  t h e  p r o p e r t i e s ,  u s e s ,  a n d  p o t e n t i a l  
u s e s  o f  t h e s e  c o m p o u n d s ,  a  n e e d  e x i s t s  t o  p r e p a r e  n e w  S F
5  
c o m p o u n d s  
w h i c h  w i l l  p r o v i d e  t h e  b a s i s  f o r  f u r t h e r  s t u d i e s .  
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O n e  p r o v e n  e f f e c t i v e  w a y  o f  p r e p a r i n g  n e w  S F
5  
c o m p o u n d s  i~ b y  t h e  .  
.  .  
a d d i t i o n  o f  s F
5
B r  t o  f l u o r o o l e f i n s .  T h e  w o r k  p r e s e n t e d  i n  t h i s  t h e s i s  
w a s  c a r r i e d  o u t  i n  o r d e r  t o  p r e p a r e  n e w  S F
5  
c o m p o u n d s  a n d  t o  s t u d y  t h e  
f a c t o r s  t h a t  f a v o r e d  t h i s  r e a c t i o n .  H o p e f u l l y ,  a  r e l a t i o n s h i p  c a n  b e  
f o u n d  b e t w e e n  t h e  t y p e s  o f  g r o u p s  p r e s e n t  i n  f l u o r o o l e f i n s  a n d  t h e  
d i r e c t i o n  o f  a d d i t i o n  o f  t h e  S F
5  
gr~up. T h e  n e w  c o m p o u n d s  p r o d u c e d  




C H ( C F 3 ) B r ,  a n d  S F 5 C F H C H C l B r .  T h e  
S F
5
B r  a n d  C F C l = C H C l  r e a c t i o n  p r o d u c e d  a  v e r y  s m a l l  a m o u n t  o f  p r o d u c t  
w h i l e  w i t h  C F
2
= C F C O F  n o  p r o d u c t s  w e r e  o b t a i n e d .  
T a b l e  X I V  a t  t h e  e n d  o f  C h a p t e r  I I I  c o n t a i n s  a l l  t h e  o l e f i n  s y s t e m s  
i n  w h i c h  a t t e m p t s  h a v e  b e e n  m a d e  t o  a d d  S F
5
B r  u n d e r  t h e r m a l  c o n d i t i o n s .  
G r o u p  A  o f  T a b l e  X I V  s h o w s  t h a t  t h e  S F 5  g r o u p  a d d s  t o  t h e  C H
2  
p o r t i o n  
o f  t h e  o l e f i n  a n d  t h a t  t h e  o t h e r  c a r b o n  o f  t h e  d o u b l e  b o n d ,  h a v i n g  
l a r g e  b u l k y  g r o u p s ,  d o e s  n o t  p r e v e n t  t h i s  a d d i t i o n .  G r o u p  B  o f  T a b l e  X I V  
c o n t a i n s  a d d i t i o n  t o  t h e  C F H  g r o u p  a n d  s h o w s  t h a t  n o  a d d i t i o n  w i l l  o c c u r  
w h e n  t h e  o t h e r  c a r b o n  c o n t a i n s  a  S F 5  g r o u p .  G r o u p  C  o f  T a b l e  X I V ,  
c o n t a i n s  a d d i t i o n  t o  t h e  C F 2  g r o u p s  a n d  s h o w s  t h a t  S F
5  
a d d i t i o n  d o e s  
n o t  o c c u r  w h e n  b u l k y  g r o u p s  a r e  a t t a c h e d  t o  t h e  s e c o n d  c a r b o n .  F i n a l l y ,  
g r o u p  D  o f  T a b l e  X I V  s h o w s  t h a t  S F 5  a d d i t i o n  t o  o l e f i n s  c o n t a i n i n g  9 n l y  
C H C l  +  C F C l  g r o u p s  a n d  C H B r  +  C H S F
5  
g r o u p s  d o e s  n o t  o c c u r  t o  a n y  
a p p r e c i a b l e  e x t e n t .  
T h e  c o n c l u s i o n  d r a w n  f r o m  t h e  d a t a  i n  T a b l e  X I V  i s  t h a t  s t e r i c  r e p u l -
s i o n  i s  a n  i m p o r t a n t  f a c t o r  t h a t  d e t e r m i n e s  S F
5
B r  a d d i t i o n .  M o r e  c o m -
p o u n d s  o f  t h e  t y p e  i l l u s t r a t e d . i n  p a r t  D  n e e d  t o  b e  s t u d i e d  i n  o r d e r  t o  
c o n f i r m  t h i s  o b s e r v a t i o n .  T h i s  o p e n s  u p  a n  a r e a  o f  f u r t h e r  r e s e a r c h  i n  
t h e  s t u d y  o f  S F 5  c o m p o u n d s .  
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D u r i n g  t h e  r e a c t i o n  o f  S F
5
B r  a n d  t r i f l u o r o e t h y l e n e ,  a n  ~nte~esting ·  
s i d e  r e a c t i o n  o c c u r r e d .  A  p o l y m e r  o f  t r i f l u o r o e t h y l e n e  c o n t a i n i n g  
s u l f u r  a n d  b r o m i n e  w a s  p r e p a r e d .  T h e  p r o p e r t i e s  o f  t h i s  p o l y m e r  h a v e  
n o t  a s  y e t  b e e n  f u l l y  i n v e s t i g a t e d .  A  m e t h o d  o f  p r e p a r i n g  p o l y m e r s  i n  
w h i c h  S F
5  
g r o u p s  a r e  p r e s e n t  i s  n e e d e d .  I t  i s  p o s s i b l e  t h a t  f u r t h e r  
s t u d i e s  o f  t h i s  s y s t e m  w i l l  s u g g e s t  j u s t  s u c h  a  m e t h o d :  I t  i s  a n t i c i p a -
t e d  t h a t  p o l y m e r s  c o n t a i n i n g  S F 5  g r o u p s  w i l l  h a v e  u n u s u a l  p r o p e r t i e s  
( g o o d  s o l i d  s t a t e  d i e l e c t r i c  pro~erties). 
A  c h a r a c t e r i z a t i o n  o f  t h e  n e w  a d d u c t s  w a s  a c c o m p l i s h e d  b y  t h e  
a n a l y s i s  o f  i n f r a r e d  s p e c t r a ,  m a s s  s p e c t r a ,  n u c l e a r  m a g n e t i c  r e s o n a n c e  
s p e c t r a  a n d  a n  i n i t i a l  a t t e m p t  w a s  m a d e  t o  i n t e r p r e t  t h e  R a m a n  s p e c t r a  
o f  S F
5
B r  a d d u c t s .  T h e  R a m a n  s p e c t r a  o f  t w o  S F
5
B r  t r i p l e  b o n d  a d d u c t s ,  
S F 5 C H = C ( C F 3 ) B r ,  S F 5 C H = C ( C H 3 ) B r ,  a n d  f o u r  S F
5
B r - f l u o r o o l e f i n  a d d u c t s ,  
S F
5




C H ( C F
3
) B r ,  S F
5
C H F C F C 1 B r  a n d  S F 5 C F
2
C F H B r  w e r e  t a k e n .  
F o r  t h e  c o m p o u n d ,  S F 5 C F 2 C F H B r ,  d e c o m p o s i t i o n  o c c u r r e d  a n d  a  c o m p l e t e  R a m a n  
s p e c t r u m  w a s  n o t  o b t a i n e d .  A n  i n i t i a l  a t t e m p t  w a s  m a d e  t o  i d e n t i f y _  
d e f i n i t e  g r o u p s .  T h e  C - H  p e a k s  a n d  C = C  p e a k s  w e r e  r e a d i l y  i d e n t i f i e d .  
H o w e v e r ,  t h e  C - F ,  C - C l ,  C - B r  a n d  S F 5  p e a k s  w e r e  n o t  s o  e a s i l y  i d e n t i f i e d  
( S e e  C h a p t e r  V ) .  
M u c h  m o r e  w o r k  n e e d s  t o  b e  d o n e  o n  t h e  R a m a n  s p e c t r a  o f  t h e s e  
c o m p o u n d s .  T h i s  c o u l d  b e  a c c o m p l i s h e d  b y  s y n t h e s i z i n g  m o d e l  c o m p o u n d s  
( s u c h  a s  S F 5 C H F C H F B r  a n d  S F
5
C H 2 C H 2 B r )  i n  o r d e r  t o  s t u d y  s p e c i f i c  p e a k s .  
· A l s o ,  R a m a n  s p e c t r a  c o u l d  b e  t a k e n  o f  S F 5 B r  a d d u c t s  a l r e a d y  k n o w n  a n d  
i n t e r n a l  c o m p a r i s o n s  c o u l d  b e  m a d e .  
A n o t h e r  m e t h o d  o f  p r e p a r i n g  S F
5  
c o m p o u n d s  i n v o l v e s  t h e  a d d i t i o n  
o f  f u n c t i o n a l  g r o u p s  t o  S F 5 C F = C F 2 .  C a r b o n y l  f l u o r i d e  ( C O F 2 )  w a s  a d d e d  
9 0  
t o  S F
5
C F = C F
2  
t o  f o r m  S F 5 C F ( C F 3 ) C O F .  T h i s  n e w  c o m p o u n d  w a s  no~ e a s i l y  . .  
s e p a r a t e d  f r o m  C O F 2  a n d  s o  i t  w a s  a l l o w e d  t o  r e a c t  w i t h  N H 3  t o ·  f o r i n  t h e  
m o r e  e a s i l y  s e p a r a b l e  a m i d e  f S F 5 C F ( C F 3 ) C O N H _ s l .  T h e  t w o  n e w  c o m p o u n d s  
w e r e  i d e n t i f i e d  b y  i n f r a r e d  a n d  e l e m e n t a l  a n a l y s i s .  
M u c h  m o r e  w o r k  n e e d s  t o  b e  d o n e  i n  t h i s  a r e a .  T h e  - C O F  d e r i v a t i v e  
h a s  a  b o i l i n g  p o i n t  n e a r  r o o m  t e m p e r a t u r e  a n d  a n  i m p r o v e d  m e t h o d  f o r  
s y n t h e s i s  n e e d s  t o  b e  d e v e l o p e d .  T h e  q u a n t i t y  o f  t h e  p r o d u c t  w a s  s m a l l  
a n d  w o r k  n e e d s  t o  b e  d o n e  t o  i m p r o v e  y i e l d s  a s  w e l l  a s  s e p a r a t i o n .  
o t h e r  o r g a n i c  r e a c t i o n s  c o u l d  b e  a t t e m p t e d  w i t h  t h e  C O F  d e r i v a t i v e ,  s u c h  
a s  f o r m a t i o n  o f  t h e  a c i d .  I n  a d d i t i o n ,  C O F
2  
r e a c t i o n s  w i t h  o t h e r  
S F 5 - o l e f i n s  m i g h t  a l s o  b e  t r i e d .  
I t  i s  b e l i e v e d  t h a t  e i t h e r  S F
5
C F ( C F 3 ) C O F  o r  S F
5
C F ( C F 3 ) C O N H
2  
c a n  b e  
u s e d  t o  p r e p a r e  n o v e l  S F
5  
c o m p o u n d s  t h a t  w i l l  b e  e f f e c t i v e  d i e l e c t r i c s  
a n d  s u r f a c e - a c t i v e  a g e n t s .  I t  i s  c o n c e i v a b l e  t h a t  p o l y m e r  s y s t e m s  
.  p  
c o n t a i n i n g  t h e  S F
5
C F ( C F
3
) C "  - g r o u p  c a n  a l s o  b e  m a d e .  T h e s e  c o m p o u n d s  
h a v e  o p e n e d  t h e  d o o r  t o  a  n e w  e x c i t i n g  a r e a  o f  c h e m i s t r y .  
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